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MEDICAL BOOK NEWS 


CHARLES C THOMAS 
Springfield ¢ 


Illinois 


PUBLISHER 


NEW SERIES PAYS TRIBUTE 


TO SURGEON 


Honoring the late and great surgeon, John Alexander, The John 
Alexander Monograph Series was inaugurated to cover every 


phase of thoracic surgery. John D, Steele, M.D., of San Fer- 


nando, California, is editor. 


Distinguished Editorial Board 


Howard T, Barkley, M.D., Houston, Texas 
Cameron Haight, M.D., Ann Arbor, Michigan 
Hiram T. Langston, M.D., Chicago, Illinois 
Herbert C. Maier, M.D., New York City 

John W. Strieder, M.D., Brookline, Massachusetts 


SHAW AND PAULSON 
REJECT TRADITIONAL 
APPROACH 


Latest addition to the Series (off 
press August 1959), THE TREAT- 
MENT OF BRONCHIAL NEO- 
PLASMS, comes from the South- 
Medical School, Dallas. 
Robert R. Shaw and 
Donald L. Paulson depart from the 


western 


Professors 


ideal of the traditional radical ap- 
proach to surgery of cancer, present- 
ing positive proof that slavish ad- 
herence to the traditional approach 
actually results in shortening the 
lives of some victims. They present 
a new philosophy of treatment 
evolved from a combined experience 
of treating 1180 patients having 


bronchogenic carcinoma. 


Recent trends show bronchial neo- 
plasms on the increase and this new 
work is both a timely and challeng- 


ing addition to the literature. 


TWO PREVIOUS 
PUBLICATIONS IN SERIES 


Fifteen notable contributors includ- 
ing thoracic surgeons trained by the 
late John Alexander and two of his 
close medical associates produced the 
first volume—THE SURGICAL 
MANAGEMENT OF PULMO- 
NARY TUBERCULOSIS—edited 
by John D. Steele. Everv phase of 
surgical treatment of pu mcnary tu- 
berculosis, as well as ciimotherapy, 
was covered by men well qualified to 
do so. Typical of reviews was this 


comment in Postgraduate Medicine: 


“ 


. represents a complete and 
superb guide to the surgical 
treatment of pulmonary tuber- 


culosis.” 


Thoracic surgeons will find it in- 
valuable. (Pub. °57, 248 pp. (7 x 10), 
175 il., $9.50) 


The second outstanding tribute to 
the great surgeon was THE POST- 
OPERATIVE CHEST: RADIO- 
GRAPHIC CONSIDERATIONS 
AFTER THORACIC SURGERY. 
Thorough understanding and safer 
ground for prognostication are of- 
fered by authors Hiram T. Langs- 
ton, Anton M. Pantone, and My- 
ron Melamed. Every surgeon who 
is seeking clearer analysis of the 
shadows in the postoperative radio- 
graph will want a copy of this 
eminently practical volume (Pub. 
"57, 244 pp. (7 x 10), 378 il. on 80 
figs., $8.00). 


Reviewers Enthusiastic 
“This is an unusual book and un- 
excelled."—The U. S. Armed 
Forces Medical Journal 


“This subject has not been covered 
so well by any previous publica- 
tion."-—American Review of Tu- 


berculosis 
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Here are several booklets on mental hygiene 


CUSTOM MADE 
that may prove of interest and use to you 


RUBBER ILLEOSTOMY end your patients, 
COLOSTOMY APPLIANCES 


EMOTIONAL HEALTH IN WORK AND PLAY 
T. R. Retlaw, 8 pages, 15 cents 


HYPNOTISM—HUMBUG OR HEALING 
James A. Brussel, 6 pages, 10 cents 


YOUR STAKE IN MENTAL HEALTH 
George S. Stevenson, 4 pages, 10 cents 


THE PSYCHIATRIST Edward Dengrove 
and Doris Kulman, 6 pages, 10 cents 


BOOKLETS ON 
MENTAL HYGIENE 


© CHEMICALLY TREATED TO HELP 
ELIMINATE ODOR. 
e CEMENTED TO BODY WITH OUR 
SPECIAL ADHESIVE CEMENT. 


Keep a supply of these booklets on hand. 
Available at lower cost for quantity pur- 
chases. 


For Information write to: AMERICAN MEDICAL ASSOCIATION 
GERARD PRODUCTS 535 North Dearborn Street @ Chicago 10 @ Illinois 
Dept. A 
7875 Oakleaf Ave., Elmwood Park, Chicago 35, Ill. 


WHAT WE KNOW ABOUT ALLERGY 
by Louis Tuft, 12 pages, 15 cents 


FOOD ALLERGY 


Of interest to you cc by Samuel M. Feinberg, M.D., 6 pages, 10 cents 


and your patients SKIN ALLERGY 


by Samuel M. Feinberg, M.D., 6 pages, 10 cents 


THE MENACE OF ALLERGIES 
by Samuel M. Feinberg, M.D., 6 pages, 10 cents 


AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN STREET @ CHICAGO 10 @ ILLINOIS 
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COMPREHENSIVE, 
THREE-LEVEL TREATMENT 


OF DEPRESSION 


AND ASSOCIATED ANXIETY 
AND PHYSICAL TENSION 


RELIEVES DEPRESSION 
including symptoms such as crying, 
lethargy, loss of appetite, insomnia 


RELIEVES ASSOCIATED ANXIETY 
with no risk of drug-induced depression 


RELIEVES ASSOCIATED 
PHYSICAL TENSION 
by relaxing skeletal muscle 


hypothalamus 


thalamus and 
limbic system 


spinal cord 


“Deprol 


benactyzine + meprobamate 

= confirmed efficacy 

= documented safety 
SUPPLIED: Bottles of 50 light-pink, scored tablets 


COMPOSITION: Each tablet contains 1 mg. benactyzine HCl 
and 400 mg. meprobamate 


(if) WALLACE LABORATORIES «+ New Brunswick, N. 7. 
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VERSATILE FURACIN 


effective by intrapleural instillation’ 


the situa tion ’ Four-month-old infant with staphylococcal pneumonia and 
empyema resistant to most antibiotics was allergic to antibiotic chosen after sensi- 
tivity tests. Thoracentesis produced 30-40 cc. of creamy, purulent fluid. Organism 
was Staphylococcus aureus, coagulase positive. 


then Furacin was instilled; 0.2% Solution was diluted equally with 
physiologic saline and 10 cc. of mixture instilled twice daily into pleural space, with 
suction catheter clamped off for 1 hour. Fluid almost immediately became thinner 
and less viscous. Twenty-four hours later infant was less irritable, voluntarily 
started taking food. Instillations stopped. FURADANTIN® (brand of nitrofurantoin) 
Oral Suspension prescribed. Recovery uneventful. 

1. Perkins, J. L.: Kansas State M. J. (to be published). 


FURACIN 


brand of nitrofurazone 


Furacin has been in clinical use for more than 13 years. Today it is one of the most 
widely prescribed single topical antibacterial agents. Like other nitrofurans, FuRAcIN 
remains effective, even in pus, sera or exudates, against pathogens which have de- 
veloped—or are prone to develop—resistance to antibiotics. 

Furacin, in a water-miscible base of polyethylene glycols, is available in a number 
of dosage forms. Included are Soluble Dressing, Soluble Powder, Solution and 
Cream. Also in Vaginal Suppositories, Inserts, and in special formulations for eye, 
ear and nose. 


NITROFURAN S—a unique class of antimicrobials—neither antibiotics nor sulfonamides an I. 
° 
EATON LABORATORIES, NORWICH, NEW YORK 
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Variations of the photographic 
process...steps in a classic 


LOBECTOMY 


... radiography, color photography, 
photomicrography 


What the radiologist saw: Radiographs of chest revealed infiltration in right 
upper lobe. Cavitation, however, was not definitely demonstrated 
until body section radiograph (left, above) was made. Here, mul- 
tiple cavities were shown in the right upper lobe. 

Both radiographs were made on Kodak Blue Brand Medical X-ray Film... 


processed in Kodak x-ray processing chemicals. Kodak x-ray film 


and chemicals are made to work together... made to produce 
uniform, dependable results when used together. 


1. Thoracotomy incision. 2. Exposure of the right upper lobe 3. Dissection of pulmonary artery 
with the contained tuberculous lesion to right upper lobe shown in this 
and pleural adhesions. illustration. 

What the surgeon did is eloquently depicted by the color photographs—on 
Kodak Ektachrome Film—reproduced on this page and the page 
following. Note how color brings out details, establishes landmarks, 
makes each surgical step easier to follow. 


& 
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4. Artery to right lobe has been divided. 5. Isolation of right upper lobe 6. Completion of suturing of right 
bronchus. upper lobe bronchial stump. 


7. Resected right upper lobe with 


subpleural tuberculous focus. 


What a “lift” color photo- 
graphs like these bring to teach- 
ing, to research and review. Fully 
objective, they tell what happens 
clearly, completely. What's more, 
copies—transparencies for projec- 
tion or color prints can be made 
for use, any time, anywhere! 
There’s a Kodak color mate- 
rial for every photographic pur- 
pose: Kodachrome Film for min- 
iature and motion-picture cameras: 
Kodak Ektachrome Film and 
Kodak Ektacolor Film for sheet- 
film cameras; Kodak Ektachrome 
Film and Kodacolor Film for roll- 
film and miniature cameras; also 
Kodak color print materials. 


8. Pleural flap has been sutured over the upper lobe 9. Photomicrograph (x 120) of section of resected lobe 
bronchial stump. with tuberculous focus. 


Order Kodak x-ray products from your Kodak x-ray dealer, 
Kodak photographic products from your Kodak photographic dealer. 


Medical Division, EASTMAN KODAK COMPANY, Rochester 4, N. Y. 
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Intestinal Atresia 


An Attempt to Relate Location to Embryologic Processes 


HUGH B. LYNN, M.D., and EPIFANIO E. ESPINAS, M.D., Louisville 


Congenital atresia of the intestinal tract 
is a relatively rare anomaly. Webb and 
Wangensteen '* estimate that it occurs once 
in 20,000 births. Evans,* on the other hand, 
considers it more frequent, believing that it 
occurs in every 1,500 births. The 
entity has been recognized for many years, 
the earliest reported case according to 
Evans* being that of Binninger, who is 
said to have described an atresia of the 
colon in 1673. Its importance is empha- 
sized by the fact that the condition is 
invariably fatal unless early surgical treat- 
ment is instituted. In a review of 1,498 
cases, both small and large bowel, Evans * 
found only 139 successfully treated. To 
date, only 14 cases of successfully treated 
atresia of the colon have been reported. 

Authors agree that congenital atresia is 
far commoner in the small than in the large 
intestine (Table 1). Spriggs,’* in 398 


once 


Received for publication Feb. 27, 1959. 

Read at the 16th Annual Meeting of the Central 
Surgical Association, Montreal, Feb. 20, 1959. 

From the Department of Surgery, University of 
Louisville School of Medicine, and the Childrens 
Hospital. 


TABLE 1.—Intestinal Atresias 


Small 


Author Number Intestine Colon 
Davis and Poynter... 353 


134 


cases, found only 20 in the colon. Davis 
and Poynter studied 392 cases of atresia 
of the intestine, and only 39 were in the 
colon. Gross* found only 6 instances of 
colonic atresia among 140 cases. Of those 
which occur in the colon, it is apparent that 
the rectosigmoid area is the most frequent. 
Haeckel and Apfelbach * studied 29 colonic 
atresias, and found 7 in the sigmoid area, 
5 in the ascending colon, 3 in the transverse 
colon, and 2 each in the ileocecal portion, 
splenic flecture, and descending colon. 
Eight of these patients showed multiple 
areas of occlusion. Webb and Wangen- 
steen *® reported that 15% of all atresias 
are multiple. 

This paper is concerned with the ob- 
structions from intrinsic cause. The term 
atresia is intended to denote complete block- 
age of the intestine, while stenosis implies 
the narrowing of the lumen. Several theo- 
ries have been advanced to explain the 
etiology of intestinal atresias (Haeckel 
and Apfelbach* and Webb and Wangen- 
steen '*). Sutton maintained that occlu- 
sion occurred at the site of an “embryologic 
event’’—such as the junction of the rectum 
and anus or the ampulla of Vater. There- 
min believed they due to in- 
trauterine disease, i. e., 
peritonitis or enteritis, and Chiari 
considered the probability of an old healed 
intussusception. 


were 
inflammatory 


The vascular theory was 
the basis of lack of 
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anastomosis of the mesenteric arteries or a 
thrombosis of these vessels. Other theories 
included kinking of the bowel, volvulus 
and hypertrophy of the valvulae conni- 
ventes. Davis and Poynter * believed these 
atresias were due to sclerosis of the mesen- 
teric arteries causing degenerative change 
in the mucosa of the intestine, resulting in 
fusion. Gaub,*® on the other hand, consid- 
ered these conditions were either associated 
with the atresia or secondary to the atresia 
rather than the cause. 

The present study was undertaken in an 
effort to relate congenital atresia to the 
embryologic process commonly referred to 
as epithelial proliferation with plugging and 
revacuolation. This has generally been re- 
ported to be a constant phase of embryo- 
logic development occurring between the 
5th and 11th weeks of life. It is significant 
that most reports have been based upon 
the study of small numbers of embryos. 
Tandler, in a study of the duodenum of 
11 human embryos (from Gaub* and 
Webb and Wangensteen '*) was the first 
to show obliteration of the duodenum with 
this overgrowth of epithelium. He believed 
that failure to recanalize resulted in atresia. 
Later, Kreuter and Forrsner® confirmed 
his findings and also suggested that epi- 
thelial proliferation occurred not only in the 
duodenum but also in other portions of the 
intestine. Arrest of development during 
the “solid stage” results in an atresia or 
a stenosis. Atresia results if one of the 
septa or diaphragms remains stretched com- 
pletely across the lumen, creating a com- 
plete blockage; stenosis results if the 
diaphragm is partial. While there has been 
general agreement that epithelial plugging 
and revacuolation does take place in the 
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small intestine, it has been suggested that 
it does not occur in the colon (Patzelt ™). 
It occurred to us that, if true, this might 
explain the infrequency with which con- 
genital atresia is encountered in the large 
bowel in comparison with its relatively 
frequent occurrence in the small intestine, 
particularly the duodenum. 

One hundred human embryos, between 
7 and 59 mm. crown-rump length, have 
been studied (this represents an age spread 
of approximately 5 to 11 weeks). Of these, 
10 were from our own collection; the other 
90 were studied at, and through the cour- 
tesy of, The Carnegie Institution of 
Washington, Department of Embryology, 
Baltimore. Among the 100 embryos, 89 
were suitable for accurate consideration of 
the intestinal embryology; the other 11 
were eliminated from the study because, 
for one reason or another, they were not 
felt to show the intestinal developmental 
situation adequately. 

As background for interpreting the re- 
sults, it is appropriate, briefly, to review the 
classic description of intestinal develop- 
ment, with respect to the epithelial prolif- 
eration, plugging, and revacuolation process 
(Fig. 1). At about the fifth week, prolif- 
eration of the epithelial lining of the prim- 
itive intestinal tract commonly results in 
a complete obliteration of the lumen by 
epithelial cells (Fig. 2, A and B). This is 
believed to be followed by a period of 
vacuolation (Fig. 3), which eventually pro- 
ceeds, by coalescence of the vacuoles, to a 
reestablishment of the intestinal lumen. 
This process is traditionally believed to be 
complete by the 11th week of life. It is 
this process which we have studied in an 
effort to determine, first, the accuracy of 

Fig. 1.—Embryologic 
development of the small 
bowel (after Patten). A, 
patent intestinal lumen— 
prior to fifth week. B, 
epithelial proliferation— 
producing lumenal occlu- 
sion (5-8 weeks). C, 
vacuolation—begins proc- 
ess of recanalization. D, 


intestinal canal completely 
recanalized by 11th week. 
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INTESTINAL ATRESIA 


Fig. 2—Photomicrograph showing 10 mm. (5%-week) embryo with intestine occluded by 


epithelial proliferation. A, low power (reduced about 38% from mag. x 100). 


B, same speci- 


men, high power (reduced about 38% from mag. X 430). 


traditional descriptions and the areas most 
frequently involved, if or when it does 
occur. QOur interest, of course, related to 
this process as a possible etiologic basis for 
intestinal atresia. 

Among the 89 embryos studied, complete 
occlusion of the lumen by epithelial pro- 
liferation was observed in only 13  speci- 
mens (Table 2). These were all between 
7 and 18 mm. (5 to 7 weeks of life). 


Forty cases of the same age showed no epi- 
thelial plugging, though there was some 
apparent proliferation present in all cases. 
Of the 13 cases which showed epithelial 


plugging, 8 were in the duodenum, 4 in 
the small intestine distal to the duodenum, 
and 1 in combined duodenal and small intes- 
tinal areas (Table 3). Of the five occlu- 
sions which occurred in the distal small 
intestine, two were associated with colonic 
occlusion and one with duodenal occlusion. 
Seven of the thirteen showed vacuoles, as 
well as plugging. 

Vacuoles alone (Table 4), without the 
presence of complete occlusion, were seen 
in 14 additional specimens, 12 of them 
in the duodenum, 2 in the distal small bowel. 
These vacuoles occurred in embryos 11 to 


Fig. 3.—Early vacuola- 
tion begins recanalization 
process (12 mm. 6%- 
week embryo). (Reduced 
about 8% from mag. 
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TABLE 2.—Epithelial Occlusion (Plugging): 
Summary of Occurrence 


(7-18 Mm. Embryos; 5-7 Wk.) 
Present 
Absent 


23 mm. in length, or 6 to 8 weeks of age. 
Thirty-two cases of the same age showed 
no vacuoles. 

Only two occlusions were seen in the 
colon, among all the specimens studied; 
both were associated with occlusion in the 
small intestine (Table 5). They were lo- 


TABLE 3.—Epithelial Occlusion (Plugging): 
Location 


(7-18 Mm. Embryos; 5-7 Wk.) 


Present 
Small intestine 
Combined: 
Colon and small intestine 
Duodenum and small intestine _-- 


cated in the distal colon in the region of 
the rectum or rectosigmoid. No occlusions 
or vacuoles were seen beyond the 8-week 
embryonic stage. 


TABLE 4.—Vacuoles Without Occlusion * 


(11-23 Mm. Embryos; 6-8 Wk.) 


Present 


* Presumably after occlusion. 


It is significant that the majority of our 
specimens failed to show either plugging 
or revacuolation even in the 5 to 8-week pe- 


TABLE 5.—Distribution of Epithelial Occlusion 
and/or Vacuolization 


(68 Embryos 7-23 Mm.; 5-8 Wk.) 


Duodenum..........-- 
Small intestine... .........-. 
Combined: 
Small intestine and colon 
Small intestine and duodenum 
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riod (Table 6). In contrast to the group 
of 27 which showed either vacuolation or 
plugging or both, there was a total of 41 
which showed neither process. 

While epithelial plugging can occur in 
both the small and the large bowel, it 


TABLE 6.—Plugging and Vacuolation: 
(Combined Data) 


(7-28 Mm. Embryos; 5-8 Wk.) 


Plugging 
Vacuolation 


Plugging & vacuolization absent 


* Only 39% showed evidence of the process. 


apparently does not occur regularly in any 
area. It appears most frequently in the 
duodenal area. Failure to recanalize the 
lumen after plugging may be the (or one) 
explanation of the occurrence of intestinal 
atresia. If this explanation is accepted, the 
unusual rarity of colonic atresia (5%-10%) 
might well be related to the infrequent 
occurrence of colonic plugging. 


Comment 

Congenital atresia has been widely attrib- 
uted to failure of recanalization of the 
epithelially occluded primitive gut. While 
this process has been generally accepted as 
a constant phase of alimentary tract devel- 
opment in embryos, available data are in- 
adequate with respect to the constancy of 
occurrence of this process. (Most reports 
are based on the study of only a few em- 
bryos.) Among our 89 embryos, only 27 
showed epithelial plugging and vacuolation 
at the 7-23 mm, stage when it is supposed 
to occur. In other words, this process, 
widely accepted as constant, actually oc- 
curred in only about one-third of our 
embryos. We must therefore accept epi- 
thelial plugging and recanalization as a 
frequent but not necessarily constant occur- 
rence in the development of the alimentary 
tract. 

It is of considerable interest, however, 
that when the process does occur it is 
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INTESTINAL ATRESIA 


found in the areas where atresias are most 
frequently encountered. Of particular in- 
terest is the fact that the colon, rarely the 
site of congenital atresia, showed epithelial 
proliferation or vacuolation in but 2 of the 
89 cases in our series. 


The relationship of congenital atresia 
and congenital stenosis is even more diffi- 
cult to evaluate. Actually stenosis is said 
to be more frequent in the duodenum, true 
atresia in the ileum. It may be that stenosis 
and atresia are but two different manifes- 
tations of the same embryologic fault con- 
sidered in this paper. It must be borne in 
mind that this is but one phase of intestinal 
development and that there are many other 
processes which may well be of equal or 
even greater importance in the pathogenesis 
of intestinal stenosis and atresia. Be that 
as it may, there is a striking correlation 
between the common site for epithelial plug- 
ging and the areas in which atresia and 
stenosis most commonly occur. 


Summary and Conclusions 


Plugging and/or vacuolation was seen in 
somewhat less than one-third of 89 em- 
bryos included in this study. When present, 
it occurred in the 5- to 8-week age group. 


The process occurred most frequently in 
the duodenum, was also seen in the distal 
small intestine, but occurred in the colon 
in but two of the entire series. In these 
cases colonic plugging did not occur inde- 
pendently but was found simultaneously 
with epithelial plugging in the more prox- 
imal portions of the intestine. 

It is suggested that there may be some 
significance in the fact that clinically atresia 
and stenosis are commonest in the same 
areas where our specimens most frequently 
showed epithelial plugging and recanaliza- 
tion. 


Children’s Hospital (2). 


Lynn—Es pinas 
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Childhood 


Head injuries constitute a major per- 
centage of the cases of trauma admitted to 
a children’s hospital. Over a period of four 
years, from January, 1954, to December, 
1958, 2,200 cases with a diagnosis of cranio- 
cerebral injury were admitted to the neuro- 
surgical service at the Hospital for Sick 
Children in Toronto. Many of these cases 
were severely injured, and were admitted 
in a state of decerebrate rigidity. 

Decerebrate rigidity in humans from 
varied causes has always been associated 
with a more or less hopeless prognosis. The 
signs of profound unconsciousness, with as- 
sociated exterior rigidity in the extremities, 
plus bilateral plantar extensor responses and 
pinpoint pupils indicate a severe lesion at 
the midbrain. Many authors have pointed 
out that there may also be associated signs 
of injury to the hypothalamus, producing 
the symptoms of sham rage, diabetes in- 
sipidus, loss of thermal control, personality 
changes, as well as changes in the control 
of blood pressure, pulse, respiration, and 
sphincter mechanisms. 

Robertson and Pollard have shown that 
children who survived the initial period of 
the decerebrate state following a head injury 
tend to have a better prognosis in terms of 
residual neurological deficit than adult pa- 
tients. 

The problem in children was considered 
therefore to be a means of increasing the 
ability of the individual to survive the initital 
critical phase, and at the same time decrease 
the degree of permanent neurological deficit 


Submitted for publication March 13, 1959. 

Read before the 16th Annual Meeting of the 
Central Surgical Association, Montreal, Feb. 19, 
1959. 
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The Use of Hypothermia in Severe Head Injuries in 


E. BRUCE HENDRICK, M.D., B.Sc.(Med.), F.R.C.S.(C), Toronto 


TABLE 1.—Effects of Reduction of Body 
Temperature to 30-32 C 


1. Cerebral metabolism d d by 40% 

2. Decreased intracranial hypertension 

3. Decreased cerebral arterial and venous tension 
4. Decreased secretion of cerebrospinal fluid 

5. Decreased reactivity of the reticular formation 


which might result from marked cerebral 
edema and anoxia. 

The use of hypothermia has been demon- 
strated by Lougheed and Kahn, Botterell, 
and Rosomoff, to produce changes directly 
related to cerebral function that aid in re- 
duction of the dangers of edema and hy- 
poxia. 

At a body temperature of 30 to 32 C, 
cerebral metabolism is decreased by approxi- 
mately 40%. There is also a reduction in 
intracranial pressure and in both arterial 
and venous tension. There is decreased 
secretion of spinal fluid, and decreased re- 
activity of the reticular formation itself. 
These factors all aid in the reduction of the 
prevention of cerebral edema, and increase 
the ability of the brain to resist hypoxia. 

The use of a neuroplegic drug, such as 
chlorpromazine or promethazine (Phenergan) 
facilitates the induction of hypothermia and 
prevents shivering. The drug also decreases 
the general and cerebral metabolic activity, 
and again augments the resistance of the 
cerebral tissues to hypoxia. Chlorpromazine 
further favors the entrance of potassium into 
the cells, thus decreasing the danger of a 
high serum potassium which may occur with 
tissue injury and lowered adrenal function. 

Many methods of inducing and maintain- 
ing hypothermia have been described. How- 
ever, the use of hypothermia for prolonged 
periods on general and neurosurgical wards, 
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HYPOTHERMIA IN SEVERE HEAD INJURIES 


plus the control of more than one case 
simultaneously under the aforementioned 
conditions dictated the use of a simple 
method. 

Hypothermia in this group has been in- 
duced and maintained by packing the trunk 
of the patient with ice contained in plastic 
bags. This afforded ease of handling and 
made use of the materials readily available. 
All cases were cooled to 31 to 32 C as re- 
corded directly by a constant recording 
thermocouple. Chlorpromazine was used 
during the first 24 hours to aid in the in- 
duction and early maintenance of hypo- 
thermia. The chlorpromazine itself was 
given intravenously by the titration method. 

If, under observation, the patient’s neuro- 
logical and general condition improved or 
remained static after the initial 72-hour 
period, gradual warming to 35 C was carried 
out. Any evidence of deterioration coin- 
cident with rewarming was an indication for 
recooling and further care under hypo- 
thermia. Repeated rewarming was done 
every three to four days until the patient 
was considered stabilized at the rewarming 
temperature, or improved. 

In each patient where hypothermia was 
used, it was noticed that there was a marked 
improvement in the vital signs as the pa- 
tient was cooled to a level of 34 C, and 
marked stabilization of blood pressure, pulse, 
and respiration, as the temperature reached 
31 to 32 C rectally. 

Eighteen cases of decerebrate rigidity due 
to severe head injury in children have been 
treated by prolonged hypothermia. All cases 
showed clinical evidence of the decerebrate 
state at the time of Twelve 
patients who showed evidence of laterality 
of signs, or in whom there was evidence of 
local trauma were operated upon. Explora- 


admission. 


TABLE 2.—Results of Hypothermia Treatment of 
Decerebrate Patients 


No. Patients Survivors Deaths 


18 10 8* 


* 7 deaths within 72 hours of trauma. 


Hendrick 


tory burr holes were done to exclude extra- 
dural clot, subdural clot, or local pulping of 
brain tissue. It is felt that hypothermia 
could mask signs of delayed clot formation 
and swelling in the local areas. One ex- 
tradural hemorrhage and one subdural 
hemorrhage were found in this manner. 
Three compound fractures of the skull with 
brain laceration are included in the opera- 
tive group. Tracheostomy was done in nine 
cases where there was evidence of respira- 
tory embarrassment, at the time of admis- 
sion. 

There have been eight deaths in this 
series. Six deaths occurred within 72 hours 
of the injury, and postmortem examinations 
on four cases showed massive cerebral 
laceration. One death occurred on the 26th 
day of hypothermic treatment, due to hemor- 
rhage from erosion of the innominate artery 
by pressure of the tracheostomy tube. 

In the 10 survivors, the total period of 
hypothermia varied from 3 to 35 days, with 
an average period of 13 days. 

Follow-up examination of the survivors 
has varied from 22 to 6 months. Four 
patients are completely recovered. One has 
a minimal hearing loss, associated with a 
fracture at the base of the skull. Two pa- 
tients have minimal hemiparesis and aphasia, 
the aphasia in one patient taking the form 
of an alexia, and in the other, a nominal 
aphasia. There is one case of marked hemi- 
paresis. One child has continued to have 
diplopia, and a mild personality change. In 
one case only is there gross intellectual im- 
pairment, with the follow-up I. Q. being 
65%. This child, however, had a severe 
frontal lobe smash injury. 


TABLE 3.—Residual Neurological Defects 


No. 

Patients Defects 

4 None 

1 Minimal hearing loss (fracture of base of skull) 

2 Minimal hemiparesis and aphasia (1 alexia, 1 nominal 
aphasia) 

1 Hemiparesis 

1 Diplopia and mild personality changes 

1 Gross intellectual impairment (I. Q. 65-70, frontal lobe 
smash) 
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There are no vegetative or institutional 
care patients amongst the survivors. 

Increased intracranial pressure and edema 
of the brain are complex phenomena as- 
sociated with the interplay of many different 
forces, producing a vicious cycle with a fatal 
outcome, Observation by clinicians both in 
the operating theater and on the wards 
would suggest that hypothermia decreases or 
opposes cerebral edema by lowering the 
risk of hypoxia and decreasing cerebral 
blood pressure and blood flow. Functional 
disturbances after trauma are due, at least 
in part, to the disturbance of circulation, 
and resultant local hypoxia. Hypothermia, 
as used in this series, does not involve the 
risk of cardiac irregularity, or respiratory 
depression. These complications appear 
when the body temperature is lowered to 
between 27 and 30 C by rectum. 

From the above experience with pro- 
longed hypothermia in head injuries, and in 
other cases of increased pressure, and brain 
tumors, it is felt that this form of therapy 
is a useful adjunct to the treatment of severe 
brain injury. It is simple enough in its 
technique to be used wherever facilities for 
general surgical care are available. 


Department for Sick 


Children. 


of Surgery, Hospital 
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DISCUSSION 


Dr. E. Bruce HeNnprick, Toronto: I might add 
in closing that in this series we have used hypo- 
thermia on further head injuries prior to and after 
this, but the head injuries we picked for this par- 
ticular group were only those that were completely 
decerebrate. We have used it on other forms of 
head injuries also. 
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Malignant Neoplasms of the Colon and Rectum in 
Young Persons 


J W JOHNSON, M.D.; EDWARD S. JUDD, M.D., and DAVID C. DAHLIN, M.D., Rochester, Minn. 


Malignant disease of the colon and rec- 
tum in young patients is rare; hence most 
of the literature on this subject consists of 
reports of single cases and collective re- 
views. The literature gives the impression 
that malignant lesions in this location in 
young patients are extremely active and 
that the prognosis is relatively hopeless. 
Recent studies of malignant tumors of the 
stomach in young patients reported from 
several sources indicate a better prognosis 
than was suggested earlier in such cases. 
A revision in our thinking concerning ma- 
lignant neoplasms in the colon and rectum 
of young patients, therefore, may well be 
indicated. We undertook the present study 
with the hope that we could evaluate the 
dictum, “Cancer is a much more malignant 
process in a youthful patient” and establish 
the relative incidence of various types of 
malignant disease that occur in the colon 
and rectum of the youthful patient. A large 
series stemming from a single institution 
seemed to offer considerably more chance 
of clarification than isolated case reports. 


Background Information 


As long ago as 1941, McNeer ® indicated 
that cancer of the stomach in the youthful 
patient might have a somewhat better prog- 
nosis than was thought previously. This 
hypothesis was investigated by Bellegie and 

Submitted for publication Feb. 27, 1959. 
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Dahlin,? and its validity seems to be well 
established. Turning to the colon and 
rectum, we find that as early as 1923 Pen- 
nington * presented a collective review rep- 
resenting patients of 15 authors. The 
combined series totaled 275 patients less 
than 30 years of age with cancer of the 
rectum. This represented an incidence of 
3.8% of the total group of patients of all 
ages with this disease. Pennington stated, 
“Like the gravity of cancer itself, inversely 
proportional to the age, the young stand 
the operation well but have rapid recur- 
rence; in the aged the operation is more 
serious but the success more lasting.” 
Fowler* discussed colorectal malignant 
lesions observed in 21 patients less than 
26 years of age who underwent surgiczl 
treatment at the Mayo Clinic during the 
period 1914 through 1923. He concluded 
that lymph nodes were involved more fre- 
quently and that life after surgical treat- 
ment was shorter in young patients as 
compared with older adults. He conjectured 
that “the lack of hyalinization, fibrosis, 
lymphocytic infiltration and cellular differ- 
entiation may have been responsible for the 
increased malignancy of these neoplasms in 
the young.” At the time of this report 
in 1926, 19 of the 21 young patients had 
been traced, and 16 of them had died. 
Rankin and Comfort* a few years later 
reported that 3.85% of all cases of carci- 
noma of the rectum only encountered at the 
Mayo Clinic during the 20 years, 1907 
through 1926, were in patients less than 30 
years of age. Of the patients who under- 
went surgical treatment, the youngest was 
18 years of age. These authors found little 
to suggest any difference in the clinical 
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picture between the younger and the older 
age groups. Although the average duration 
of symptoms was somewhat shorter for the 
youthful patients, the incidence of distant 
metastasis was somewhat higher, and the 
incidence of higher-grade lesions was defi- 
nitely greater. They suggested that rectal 
cancer in the youthful patient grows more 
rapidly because of the elasticity of the 
tissues. 

In Yeomans’"™ series of 320 patients 
with cancer of the rectum and sigmoid 14 
were less than 30 years of age. He stated, 
“In young persons the growth is rapid, the 
radical operation is well borne but recur- 
rence is usual.” Bacon and Sealy? pre- 
sented another collective review of 123 
cases of malignant lesions of the anus, 
rectum, and sigmoid colon in patients less 
than 20 years old. They agreed with 
Rankin and Comfort® that “the active tis- 
sues of youth, instead of resisting the in- 
vasion of cancer, invite its spread and the 
young person who is host to malignant 
neoplasm has little chance for longevity, 
regardless of type or therapeutic measures 
instituted.” 

Mayo and Madding® reviewed a some- 
what more recent series from the Mayo 
Clinic in which carcinoma of the rectum 
and rectosigmoid only was studied and the 
patients were less than 30 years of age. 
They found a total of 116 cases in this 
category and again reported a significantly 
higher incidence of high-grade lesions. 
These authors, however, found no justifica- 
tion for the hopeless outlook sometimes ex- 
pressed. Bonelli,® in presenting a collective 
review, reported on sarcoma and carcinoma 
of the small and large intestines in in- 
dividuals from the first year of life up to 
and including the 19th year. He found 142 
cases of carcinoma, of which 91.5% were in 
the colon and rectum, and 76 cases of 
sarcoma, of which only 14.5% were con- 
fined to the colon and rectum. He con- 
cluded that lymphosarcoma and carcinoma 
in the young patient carried an especially 
grave prognosis. Williams '® more recently 
found reports of cancer of the colon located 
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above the lowermost portion of the sigmoid 
in 50 patients less than 16 years of age 
and was able to add three more cases to this 
group. He stated, “Tumors of childhood 
exhibit the same tendency to progress at a 
rapid pace as does the child’s growth itself. 
The prognosis is almost hopeless, the 
longest survival being for four years post- 
operatively.” 


Materials and Methods of Study 


The Mayo Clinic records for the 30-year 
period, 1925 through 1954, for patients 16 
through 29 years of age for whom the 
diagnosis of malignant lesion of the rectum 
or colon was established were surveyed. 
Histologic proof of the diagnosis was avail- 
able for every case included. Gross surgical 
specimens were available for all cases in 
which resection was carried out, and the 
original microscopic sections from biopsy 
were available for all others. The necropsy 
specimens and microscopic sections of the 
specimens removed through the proctoscope 
were available in all cases in which these 
procedures had been performed. All cases 
of “adenocarcinoma in situ’ and “adeno- 
carcinoma in an adenoma” were excluded. 
Case records including records of operation 
and the tissue were analyzed in the search 
for features that would aid in differentia- 
tion of the course of such malignant disease 
in the young patient from that of older 
patients. In those cases in which the 
original pathologist had reported involve- 
ment of lymph nodes in the surgical speci- 
men we accepted this information as 
correct, since it was impossible to prove 
otherwise. However, if the original pathol- 
ogist reported no involvement of lymph 


TABLE 1.—Classification of Malignant Lesions 


Type of Lesion Cases 
Adenocarcinoma in multiple polyposis... 
Adenocarcinoma in chronic ulcerative colitis. 25 
Reticulum cell sarcoma. 1 
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nodes, more exhaustive study of the nodes 
was carried out for this survey. 

A total of 222 patients form the basis 
for this report. 

A useful classification was developed 
rather early in the study which is presented 
in Table 1 with the number of cases of 
each type. Of the 222 patients, 169 had 
adenocarcinoma alone. We do not plan to 
become involved in a discussion of multiple 
polyposis and chronic ulcerative colitis, yet 
in a study of young patients it seemed im- 
perative to include these conditions for the 
sake of thoroughness. Throughout this 
paper adenocarcinoma associated with mul- 
tiple polyposis and adenocarcinoma asso- 
ciated with chronic ulcerative colitis have 
been reported as separate categories to 
avoid distortion of the statistics. 


Analysis of the 169 Cases of 
Adenocarcinoma 

The tissue which was available for study 
in the 169 cases of adenocarcinoma was 
obtained at resection in 95 cases, through 
the proctoscope in 48, at other procedures 
in 17, at necropsy in 6, and from the physi- 

cian in the patient’s home locality in 3. 
Age, Sex and Family History.—Since 
the age is of the utmost importance in this 
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Age in years 
Fig. 1—Age distribution of 169 patients with 
adenocarcinoma. 
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particular study we analyzed the cases of 
adenocarcinoma closely in that regard alone 
(Fig. 1). As one would expect, the in- 
cidence increased sharply beyond the age 
of 21 years. Of the entire group of pa- 
tients 56 per cent were males and 44 per 
cent females. A careful check of the family 
history was possible in 164 of this group 
and 22% of them gave a strongly positive 
family history for malignant tumor. 

Clinical Picture in 95 Patients Treated 
by Resection—Pain was the outstanding 
symptom in this group, as 84% of the pa- 
tients presented pain as the chief complaint. 
Bleeding was a close second, with 76% of 
the patients exhibiting hemorrhage in mild 
form at least; 73% had lost weight, and 
61% complained of severe constipation. 
Diarrhea was a specific symptom in 39%. 

Since previous authors had commented 
rather forcibly on the difference of dura- 
tion of symptoms in the younger patients 
as compared with older persons, we an- 
alyzed this part of the series from that 
standpoint also. 


Only 2 of the 95 young persons treated 
by resection had had symptoms less than 1 
month at time of diagnosis at the clinic; 37 
had had symptoms for 1 to 5 months, and 
31 for 5 to 12 months. We found only five 
patients who had had symptoms for 12 to 
18 months, and we were somewhat sur- 
prised to find 19 who had had symptoms 
for 24 to 48 months. We could not de- 
termine from the history just how long one 
patient had had symptoms. Physical ex- 
amination disclosed a palpable mass in 77% 
of the 95 patients. Of the 93 patients on 
whom determinations of hemoglobin were 
recorded clearly, 41 had 11.9 gm. or less 
hemoglobin per 100 ml. of blood. In 28 
whose tumors were located above the recto- 
sigmoid level and for whom x-ray ex- 
amination then might be expected to be of 
value, 25 had roentgenologic examinations, 
and 24 of these yielded positive findings. 

Surgical Aspects ——Since this study spans 
a relatively long period of time during 
which preoperative and postoperative care 
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TaBLe 2.—Location of Ninety-Nine Lesions in 
Ninety-Five Patients Undergoing Resection * 


Lesions 
Transverse colon................. 6 
Left colon pred 
Rectosigmoid and 51 
99 


* Two patients presented two lesions, and two had meta- 
chronous lesions 21 and 6 years later. 


has progressed, no uniform conclusion can 
be drawn concerning a specific surgical pro- 
cedure, and we made no attempt at a statis- 
tical analysis in this regard. We found that 
of the 95 resections 13 (14%) were classed 
as strictly palliative while the other 86% 
were performed with some hope of ex- 
tended survival. Since our study goes back 
sO many years, several types of operations 
were employed which we shall refer to 
merely as single-stage or multiple-stage pro- 
cedures. Forty-three single-stage resections 
and fifty-two multiple-stage operations were 
performed. As one would expect in view 
of the sharp trend away from multiple- 
stage procedures in recent years, the great 
majority of those were performed in the 
earlier part of the period covered by this 
study. The immediate operative mortality 
following resection in the 95 cases was 
8.4%. A sharp reduction occurred in this 
rate toward the latter part of the period. In 
other words, seven of the deaths occurred 
in the first 15 years embraced by our study, 
and only one death occurred in the second 
15-year period. 

Pathologic Observations.—In the resec- 
tion group of 95 patients, 2 patients ex- 


TaBLeE 3.—Degree of Malignancy in 169 Cases of 
Adenocarcinoma (Broders’ Method) 


Per Cent 
Grade 
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hibited two separate distinct carcinomas. 
Two other patients had single metachronous 
lesions, one developing 6 years after the 
first resection in an entirely different part 
of the colon and the other 21 years after 
the first operation. This gave us 99 lesions 
from the 95 patients. The location of these 
lesions is demonstrated in Table 2. 

In our study we employed both Broders’ 
grading scale, in which Grade 1 reveals the 
highest degree of differentiation and Grade 
4 the highest degree of anaplasia, and a 
modified Dukes’ classification, in which 
Type A represents a growth confined to 
the mucosa, Type B a growth extending 
beyond the mucosa but not involving the 
lymph nodes, and Type C a growth in- 
volving the nodes. 

Since tissue was available in all of the 
cases of adenocarcinoma, whether resection 
had been performed or not, we were able 
to classify all of the group by the Broders’ 
method, and this result is presented in 
Table 3. We then turned to the 99 lesions 
obtained by resection and analyzed this 
group not only from the standpoint of 
Broders’ scale but also that of Dukes’ 
(modified) as presented in Table 4. 

Two patients had small-cell adenocar- 
cinomas, Grade 4 (Fig. 2). These were 
very cellular and very anaplastic adenocar- 
cinomas that simulated malignant lympho- 
mas grossly and microscopically. They 
were like the group of similar gastric car- 
cinomas that Steiner and co-workers *® de- 
scribed as having a good prognosis and 
called “blue cell” cancers. 

TaBLE 4.—Degree and Extent of Malignancy of 

Ninety-Nine Adenocarcinomas Removed at 


Resection (Broders’ and {Modified} 
Dukes’ Methods) 


Dukes’ Method 


Broders’ Method 
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Follow-Up Observations.—Of the 95 pa- 
tients 8 died in the immediate postoperative 
period, and 6 did not respond to follow-up. 
The 13 patients who had undergone pal- 
liative resection only had died of their 
disease, and 4 others had died of causes 
entirely unrelated to the resected tumor. 

Of the remaining 64 patients on whom 
operations were done with view to cure, 
42 had died in less than five years after 
their operations at the clinic. Two others 
had died less than eight years after opera- 
tion. Of the 20 known to be still living, 
8 have lived for 10 to 15 years, 6 for 16 to 
20 years, and 6 for 22 to 29 years. Two 
of the youngest patients in the group (16 
years old) are still living 10 to 14 years 
after resection, and two aged 20 years are 
still living 19 and 24 years later. Among 
11 patients exhibiting tumors of Grade 4, 
according to Broders’ grading, 3 had sur- 
vived for a long time. Two of these who 
had survived 10 and 13 years, respectively, 
had had small cell adenocarcinomas ( Fig. 
2). The lymph nodes were involved in one 
but not in the other. In the third case the 
adenocarcinoma which was Grade 4 and 
Dukes’ Type C had extended into the 
urinary bladder. Resection of the colon and 
a portion of the urinary bladder had been 
followed by 16 years of normal health. 


Johnson et all. 


Fig. 2.—Small-cell adeno- 
carcinoma (hematoxylin and 


Of 48 patients who did not undergo re- 
section of the colon because the situation 
seemed beyond surgical relief, 6 were lost 
to follow-up. Of the remaining 42 all but 
2 were dead at time of follow-up; the deaths 
usually occurred less than one year after 
the patient left the clinic. It surprised us 
to find that two patients were still living, 
one 18 years, the other 20 years after the 
diagnosis was established by proctoscopic 
biopsy. Both of these had lesions of Grade 
1, one of which was said to be inoperable 
because of extreme fixation and the other 
was thought to be inoperable because of its 
general nature and extent. One of these 
patients was treated with a combination of 
fulguration and radium and the other with 
a combination of roentgen rays and radium. 


Adenocarcinoma in Multiple Polyposis 


Clinical Observations—The propensity 
toward the development of cancer in mul- 
tiple polyposis is well known. Of the 27 


patients who had adenocarcinoma with 
multiple polyposis, 12 were male and 15 
female. The ages ranged from 18 to 29 
years, the largest group, 10, being between 
21 and 24 years old. As one would expect, 
bleeding and diarrhea were predominant 
symptoms in this group. In 56% of the 
cases symptoms had been present for a 
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minimum of two years, and in most cases 
for more than five years. In the other 44% 
symptoms had been present one year or 
less. 

Surgical Observations.—Resection of the 
colon was carried out in all except three of 
these patients. In those three instances liver 
biopsy, omental biopsy or sigmoidoscopic 
biopsy proved that such a procedure was 
unwarranted. Since most of these cases 
were encountered in the early years covered 
by the study, the multiple-stage surgical 
method was employed in most of them. 

Pathologic Observations—The cancers 
were situated in the distal part of the colon, 
the sigmoid and rectum in 74% of this 
group of cases. In general, the grade of 
malignancy (Broders) and the extent 
(Dukes’ classification) roughly paralleled 
that of the adenocarcinomas not associated 
with multiple polyposis or chronic ulcerative 
colitis. 

Follow-Up Observations.—Four hospita! 
deaths occurred in the 24 cases in which 
resection was performed. Two were due 
to peritonitis, one to bronchopneumonia, 
and one to a combination of peritonitis and 
portal vein thrombosis. Obviously, had 
these cases been encountered in the latter 
half of the period under study the more 
modern chemotherapeutic and antibiotic 
programs would have been employed, and 
these deaths might not have occurred. Six 
patients were alive at the time of follow-up 
26, 25, 10, 9, 7, and 5 years, respectively, 
after operation, and 14 others had died of 
their disease. 


Adenocarcinoma in Chronic Ulcerative 
Colitis 

Clinical Observations —There were 25 
patients with adenocarcinoma and chronic 
ulcerative colitis; 11 were male and 14 were 
female. Ten of the patients were 28 or 29 
years old. One patient was 16 years old 
and one was 18 years old. The remainder 
were between 23 and 27 years of age. We 
were able to formulate a reasonably ac- 
curate estimate concerning the duration of 
the chronic ulcerative colitis prior to the 
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onset of the carcinoma. In 4 instances the 
underlying disease had been present for 8 
to 10 years, in 13 for 11 to 15 years, and in 
the other 8 for 16 to 26 years. The prom- 
inent symptoms of the underlying disease 
naturally obscure the symptoms we would 
expect from the carcinoma, as bleeding and 
diarrhea were so consistent. We found no 
reason to suspect that the patient himself 
felt that there was any further complication 
of his well-established colitis. The diagnosis 
was established at the time of resection in 
11 cases, by surgical biopsy in 9, by sig- 
moidoscopic biopsy in 2, and at necropsy 
in 3. 

Surgical Observations —Of those 11 pa- 
tients undergoing resection, 1 died in the 
early postoperative period of circulatory 
collapse. Of these 11 resections 2 were 
listed as palliative in nature. 

Pathologic Observations—The 25  pa- 
tients had 27 separate carcinomas, only 11 
of which were confined to the sigmoid and 
bowel below that point. Nine of these 
lesions were of Grade 4 malignancy. A 
higher grade for adenocarcinomas asso- 
ciated with chronic ulcerative colitis than 
for ordinary adenocarcinoma has _ been 
found commonly by others. It was some- 
what of a surprise to us that as many as 
4 of them were Grade 1 and the other 14 
were Grades 2 and 3. The lesions in 8 of 
the 11 cases in which resection was per- 
formed were classified as Dukes’ Type C 
and in 3 cases as Dukes’ Type B. 

Follow-Up Observations.—Of the eight 
patients undergoing resection with ex- 
pectancy of extended survival who survived 
beyond the immediate postoperative period, 
five had died within a period of eight years 
after operation. Two deaths occurred at 
seven and eight years, respectively, and the 
other three within four months of the op- 
eration. Three patients are still living five, 
six, and seven years respectively after 
operation. 


Reticulum-Cell Sarcoma 


In the whole 30-year period covered by 
this. study, only one sarcoma of the colon 
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and rectum was detected in this age group. 
This tumor, which was of the reticulum- 
cell variety (Fig. 3), was located in the 
transverse colon of a 28-year-old woman. 
The patient’s symptoms were vague, and 
no definite time of onset could be ascribed. 
Constipation had been present for many 


years, and she had had much discomfort 
in the left upper quadrant of the abdomen 
for about six months, but she had had no 
bleeding or diarrhea. The lesion was 
treated by resection, but the patient died 
suddenly three days later of a cerebro- 
vascular accident. Necropsy disclosed 
metastatic lesions deep in the mesentery. 


Comparison with Findings in Older 
Patients 

We attempted to compare the findings in 
our series with those in older patients suf- 
fering from the same type of malignancy. 
Among the 169 patients with adenocar- 
cinoma the ratio of males to females was 
four to three, which ratio represents no 
outstanding contrast with that among the 
older group of patients. In analyzing the 
symptoms, we found little difference from 
reported series of older patients except that 
pain was a much commoner complaint in 
the present series. The duration of the 
symptoms prior to registration in the clinic 
is very difficult to assess, but we did find 
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Fig. 3.—Reticulum-cell sar- 
coma (hematoxylin and eo- 
sin; X 570). 


a gross average of 11.1 months to be fairly 
significant. This is about the same as the 
general run of reports concerning adult 
patients. We found a somewhat significant 
difference in the family history for cancer 
in that 22% of our patients had such a 
positive history, which appears somewhat 
lower than that indicated in multiple reports 
on the older group. 

We were pleased to note that in the 
second half of the period under study the 
operative mortality following resection on 
our young patients was only 2.2%. This is 
definitely lower than the 3% to 7% cur- 
rently reported in many of the adult series. 

The finding of multiple cancers in 2 
cases and of metachronous cancers in 2 of 
the 95 cases of adenocarcinoma treated by 
resection probably represents much the same 
situation that would obtain in the older 
group. The location of the tumors through- 
out the colon also appears to be about the 
same as that reported for the older patients 
in general, with the single exception of a 
somewhat lower incidence of cancer in the 
rectum in the young patients. After close 
scrutiny of all the specimens from the 
standpoint of gross and microscopic patho- 
logic changes, we must admit we found 
absolutely no differences in the age groups 
except the previously mentioned higher in- 
cidence of high-grade lesions among the 
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younger patients. This merely confirms 
many previous reports. In 74.4% of the 
82 specimens from the resections carried 
out with the possibility of cure in mind the 
mesenteric lymph nodes were involved. This 
is a definitely higher figure than the average 
one encountered in the literature regarding 
older patients and agrees with previously 
mentioned articles dealing with the youthful 
patients. 


Summary and Conclusions 


A series of 222 histologically proved 
malignant neoplasms of the colon and 
rectum in persons aged 16 through 29 years 
encountered in a 30-year period in the Mayo 
Clinic has been studied. Of these 169 were 
cases of adenocarcinoma without associated 
ulcerative colitis or multiple polyposis. 

Our study indicates that, aside from 
adenocarcinoma, malignant lesions are un- 
common in youth. The “small cell” cancers 
also are extremely rare lesions and the fact 
that the two patients with these high-grade 
cancers, one of which exhibited metastatic 
disease in the mesenteric lymph nodes, were 
still alive at the end of 10 and 13 years, 
respectively, is remarkable. 

Analysis of the clinical features of the 95 
cases of adenocarcinoma in which resection 
was performed suggested no features that 
were different from those of older groups, 
although pain appeared to be a more pre- 
dominant symptom. The location of the 
lesions throughout the colon seems about 
the same in the younger and older patients 
except that the rectum was involved less 
frequently in the younger group. The in- 
cidence of higher-grade lesions (Broders’ 
method) and of lymph nodal involvement 
(Type C, Dukes’ classification) was found 
to be distinctly higher in the youthful pa- 
tients than in older ones. 

The surgical mortality rate was definitely 
lower for younger patients, especially in the 
final half of the period studied. 

Two lesions considered inoperable because 
of local fixation were subjected to radiation 
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therapy; one patient is living 18 years and 
the other 20 years after treatment. 

The fact that 20 patients are living from 
10 to 29 years after resection for adeno- 
carcinoma suggests that there is some hope 
for these young patients. Two of the 
youngest in the group (16 years) are still 
living 10 and 14 years after resection re- 
spectively. Two patients aged 20 years at 
the time of resection are now living 19 and 
24 years later, respectively. 

Mayo Clinic. 


REFERENCES 


1. Bacon, H. E., and Sealy, W. B.: Malignancy 
of the Anus, Rectum and Sigmoid Colon in the 
Young, Am. J. Surg. 45:339-347 (Aug.) 1939. 

2. Bellegie, N. J., and Dahlin, D. C.: Malig- 
nant Disease of the Stomach in Young Adults, 
Ann. Surg. 138:7-12 (July) 1953. 

3. Bonelli, W. R.: Malignant Tumors of the 
Small and Large Intestines in Infants and Chil- 
dren, Clin, Proc. Child. Hosp. 3:151-163 (June) 
1947. 

4. Fowler, L. H.: Malignant Epithelial Neo- 
plasms, Carcinoma and Epithelioma Occurring in 
Persons Under 26 Years of Age, Surg. Gynec. & 
Obst. 43 :73-84 (July) 1926. 

5. Mayo, C. W., and Madding, G. F.: Car- 
cinoma of the Rectum and of the Rectosigmoid in 
the Young. Arch. Surg. 40:83-89 (Jan.) 1940. 

6. McNeer, G.: Cancer of the Stomach in the 
Young, Am. J. Roentgenol. 45 :537-549 ( April) 
1941. 

7. Pennington, J. R.: A Treatise on the Dis- 
cases and Injuries of the Rectum, Anus and Pelvic 
Colon, Philadelphia, P. Blakiston’s Son & Com- 
pany, 1923. 

8. Rankin, F. W., and Comfort, M. W.: Car- 
cinoma of the Rectum in Young Persons, J. Ten- 
nessee M. A. 22:37-42 (June) 1929, 


9. Steiner, P. E.; Maimon, S. N.: Palmer, 
W. L., and Kirsner, J. B.: Gastric Cancer: 


Morphologic Factors in Five-Year Survival After 
Gastrectomy, Am. J. Path. 24:947-961 ( Sept.) 
1948, 

10. Williams, C.: Carcinoma of the Colon in 
Childhood, Ann. Surg. 139 :816-822 (June) 1954. 

11. Yeomans, F. C.: Proctology: A Treatise on 
the Malformations, Injuries and Diseases of the 
Rectum, Anus and Pelvic Colon, New York, D. 
Appleton & Company, 1929. 


\ 
| 
| 
| 
| 
| 
| 
* 
| 
| 
| 
— 


Coexisting Carcinoma and Diveriicula of the Colon 


A Review of Three Hundred Fifty-Five Cases of Carcinoma of the Colon 


JOSEPH L. PONKA, M.D.; J. DeWITT FOX, M.D., and BROCK E. BRUSH, M.D., Detroit 


The fact that diverticulitis and diverticulo- 
sis may mask or mimic carcinoma was first 
stressed by Moynihan,'* who, in 1906, pre- 
sented six such cases to the Clinical Society 
of London. Since then, numerous observers, 
including Mayo and Blunt,“ Jones,’ 
Mayo and Delaney,” and Edwards,* have 
recognized this problem. Pemberton 
noted that 25% of 104 of his cases could 
not be distinguished between carcinoma and 
diverticulitis. In 30 patients Graham ® re- 
ports that the roentgen diagnosis was cor- 
rect in 57%. Jones stated that the first 
case of diverticulitis ever recorded at the 
Massachusetts General Hospital had to be 
changed in three months to carcinoma. 

While in most cases the diagnosis is 
relatively easy, at the Massachusetts General 
Hospital in a series of resections in which 
the preoperative diagnosis was cancer 18% 
of the specimens were proved by the 
pathologists to be diverticulitis. To err in 
this direction is no tragedy. 

A certain danger of this simultaneous oc- 
currence of diverticulosis-diverticulitis and 
carcinoma lies in the attitude of physicians, 
radiologists, and surgeons today toward this 
disease. Statements to the effect that 
diverticulosis produces no symptoms and 
warrants no treatment tend to lull the un- 
suspecting doctor into a false sense of 
security. There is an inclination to shrug 
off diverticulosis as relatively unimportant, 
since it is such a garden-variety finding, 
and is considered to be of little significance. 
~ Submitted for publication Feb. 27, 1959. 

From the Department of General Surgery Henry 
Ford Hospital. 


Read at the 16th Annual Meeting of the Central 
Surgical Association, Montreal, Feb. 20, 1959. 


In reality, it may be the prelude to a 
diverticulitis, and may mask or mimic a 
chronic inflammatory lesion, which may 
ultimately be diagnosed as carcinoma. It 
behooves every physician and surgeon to 
look upon colon diverticula with suspicion, 
especially those in the sigmoid, since the 
coexistence here of carcinoma and diver- 
ticulosis is of a higher incidence than was 
once thought to be true. 

Furthermore, the percentage of aged 
people in America is increasing rapidly. Ac- 
cording to Bureau of Census Reports,® 
14,000,000 Americans are over 65 years of 
age. In 1975, 20,000,000 persons will be 
65 years, or older. 


It is of practical interest to the surgeon 
that two major diseases of the colon may 
coexist in the older age group; the benign 
combination of diverticulosis-diverticulitis 
and a highly malignant adenocarcinoma. 


Purpose of Study 


The purpose of this study of 355 cases 
of adenocarcinoma over the five-year period 
(1953-1957 inclusive) is as follows: 

1. To note the incidence of diverticulosis and 
carcinoma in the same patient 

2. To evaluate diagnostic procedures of value in 
differentiating diverticulitis and carcinoma 

3. To carefully study 35 cases of sigmoid car- 
cinoma with associated diverticula for the diag- 
nostic difficulties encountered 

4. To discover any factors which might improve 
the cure rate in carcinoma, or prophylactic meas- 
ures for these conditions 

5. To alert physicians to the importance of early 
diagnosis and treatment of carcinoma in the sig- 
moid colon, especial attention being paid to all 


persons having a preexisting colon condition such 
as diverticulosis 
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Incidence 

The incidence of diverticulosis, according 
to Shackleford, in the general population 
is 3%, or 5,000,000 Americans. 

Diverticulosis occurs in 5% to 10% of 
all persons over 40 years of age, and in 
Welch's *® studies 66% of all who reach 85. 

Of persons having diverticulosis 20% are 
destined to develop diverticulitis—approxi- 
mately 1,000,000 persons. 

Of these 10% to 15%, or between 
100,000 and 150,000, will require operative 
treatment, of whom 5% to 10% may be 
found to have carcinoma eventually as- 
sociated with diverticulosis or diverticulitis 
—10,000 to 15,000 cases. 

It is these 10,000 to 15,000 cases of 
potential carcinoma and diverticulosis-diver- 
ticulitis coexisting that this study hopes to 
help by focusing renewed interest on an 
age-old problem, which needs more empha- 
sis. 

The incidence of carcinoma of the colon 
amounts to some 27,000 deaths annually, 
accounting for 16.5% of all cancer deaths. 
One-third of these occur in the right colon; 
two-thirds in the left colon. 

The occurrence of coexisting carcinoma 
and diverticulosis or diverticulitis has been 
reported as rare by Leader ™; as 1.5% to 
8% by Laufman.'* Telling,?® in an excellent 
review, was able to collect only 11 such 
cases in 1916. Rankin and Brown ”° in 1930 
reviewed 227 cases of diverticulitis and 
found only 4 with carcinoma. They re- 
ported only 4 instances of diverticula as- 
sociated with 67 operations for carcinoma 
of the colon. More recently, Rowe and 
Kollmar,”* in a collective review, gathered 
62 cases of carcinoma and diverticulitis 
coexisting in the same segment of colon. 


Material 


This study is based on 355 cases of 
carcinoma of the colon in a five-year period. 
We found that 75 had associated diverticu- 
losis (21%) (Table 1). 

Special scrutiny of the sigmoid colon 
revealed 197 cases of cancer with 56 cases 
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Fig. 1.—Distribution in percentage of lesions in 
355 cases of carcinoma of the colon. 


of associated diverticulosis and diverticulitis 
(28%), and 35 cases (10%) which proved 
to have diverticula and diverticulitis in close 
conjunction with the carcinoma (Fig. 1). 


TABLE 1.—Five Year Survey of Adenocarcinoma 
of Colon 1952-1957 


Distribution by Location 


No. Percentage 
Transverse colon. 37 10.4 
Descending 24 68 


Cases of adenocarcinoma with associated diverticula — 75=21 % 


Distribution of Diverticula 


Right colon. 3 4 

Transverse colon. 2 6 
Descending colon... 14 18.7 


Cases of adenocarcinoma of the sigmoid with associated diver- 
ticula or diverticulitis of sigmoid — 35, or approximately 10% 
of all cases of adenocarcinoma of colon, 
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COEXISTING CARCINOMA AND DIVERTICULA 


Fig. 2.—Distribution in percentage of diverticula 
in 75 cases with coexisting carcinoma. 


This is a much higher percentage than 
reported elsewhere, which we feel is perhaps 
due to a close analysis through retro- 
spectroscopic examination of the roentgen 
films, the pathological specimens, and the 
surgical findings. Bockus? reports that 
70% to 80% of diverticula occur in the 
sigmoid, which this study confirms. In 75 
cases having diverticula 56, or 74.7%, oc- 
curred in the sigmoid. This is a common 
observation (Fig. 2). 

While both diverticulosis and cancer are 
uncommon under the age of 40, they do 
occur frequently enough to warrant con- 
sideration in our differential diagnosis. 
Graham® reports two carcinomas of the 
colon in young patients 27 and 34 years of 
age. For this reason, the possibility of 
cancer must be kept in the foreground in 
all patients having functional disturbance 
of the colon, regardless of age. 


Age and Sex 


In the close study of the sigmoid colon 
cases, of which this paper primarily deals, 
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the ages ranged from 50 years to 88 years, 
with 68% of the cases in the sixth and 
seventh decades; and males outnumbered 
females 2:1. 


Symptoms 


Symptoms in this group of carcinoma and 
diverticulosis and diverticulitis patients are 
of interest in that they should arouse our 
suspicions to the presence of malignancy. 

Some change in bowel habits was the 
most prominent symptom (839%), followed 
by constipation, flatulence, and blood in the 
stools. Weight loss, which is more in keep- 
ing with carcinoma, was also noteworthy 
(45%) (Table 2). 

Left lower quadrant pain and generalized 
abdominal distress was present in 48% 
and 40%, respectively. This pain was lower 
abdominal, cramp-like and colicky, and may 
even simulate appendicitis, except for its 
left-sided location. 

In evaluating a  patient’s symptoms, 
Welch *® stresses that those of cancer tend 
to be steadily progressive; those of diver- 
ticulitis are intermittent. 

Tenesmus is frequent in cancer; uncom- 
mon with diverticulitis. 

When the symptom of rectal bleeding is 
brought up in relation to carcinoma, there is 
some general agreement as to its frequency. 
Shackelford *5 and Bockus? state that 25% 
of patients with sigmoid carcinoma will 
manifest rectal bleeding. Colcock* found 
that 64% of his cases of sigmoid carcinoma 
showed bleeding. 

On the other hand, bleeding from diver- 
ticula is variously reported as_ being 
rare (Jones!°), 2% (Fallis™), and 15% 
(Welch **). Noer ?® found that of 68 cases 
of diverticulosis-diverticulitis, 20 exhibited 
rectal bleeding (nearly 30%). 


Physical Findings 


Abdominal tenderness, especially left 
lower quadrant, was the commonest objec- 
tive finding. An abdominal mass was 
palpable in 15 of the 35 cases. In only 
two cases had complete obstruction occurred 


before admission (Table 3). 
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TABLE 3.—Physical Findings 


TABLE 2.—History of Symptoms 


No. Percentage 

Constipation... 28 80.0 
Left lower quadrant pain........._- 17 48.6 
General abdominal 14 40.0 
16 45.7 
6 7.1 
site 0 0 

Change in bowel habits. 29 83.0 


Laboratory Findings 


Anemia, secondary to loss of blood per 
rectum, was noted in 37% of the cases, 
while 48% had blood in the stool. This is 
indeed a dangerous sign, and should lead 
up to suspect cancer of the lower gastro- 
intestinal tract as an etiological factor. 


Protoscopic Examination 


A total of 34 patients underwent procto- 
sigmoidoscopic examination before opera- 
tion. This disclosed carcinoma in 20 cases 
(57.1%). 

While this examination was extremely 
valuable in carcinoma, it was not productive 
of a single diagnosis of diverticulosis; yet 
all 35 cases had associated diverticula of the 
sigmoid. Occasionally, a diverticular open- 
ing may be seen. 

We have not as yet used the cytologic 
examination of smears taken at sigmoidos- 
copy, as advocated by Wisseman et al.*! 


No. Percentage 
Chronically ill... 10 28.6 
Abdominal tenderness. 21 60.0 
Complete 2 5.7 
Left lower quadrant tenderness_._. 17 48.6 


Roentgenologic Studies 

A barium enema was performed in all 
35 cases of sigmoid carcinoma. In 32 cases 
diverticulosis or diverticulitis was noted, but 
in only 16 could a definite differentiation 
be made between carcinoma and diverticulo- 
sis or diverticulitis. A presumptive pre- 
operative diagnosis of carcinoma was made 
in 23 cases (65.7%). But the problem 
cases where a differential diagnosis was 
difficult were resolved by the roentgenogram 
in only 16 cases (45.7%). The over-all 
accuracy of x-ray diagnosis of carcinoma 
in 335 cases was 94%, 

The features which aid in differentiating 
diverticulitis from carcinoma are not always 
present, as stressed by Golden,’ Ritvo and 
Shauffer,?? and Edwards.® Schatzki** feels 
that diverticula suggest diverticulitis, not 
cancer. However, in this present study, 
diverticula were found in close conjunction 
with cancer in all 35 cases of sigmoid car- 
cinoma. So diverticulosis should not lead 
us to a false sense of security until cancer 
is first ruled out. 

Useful roentgenologic differentiating 
points between carcinoma and diverticulitis 
and diverticulosis are well summarized by 
Rowe and Kollmar.** 


Carcinoma 


1. Bowel adjacent to tumor mass usually normal 

2. Sharply defined margins of lesions, often 
with overhanging edges; “shelf-like defect” 

3. Short segments of bowel involved 

4. Destruction of mucosal folds 

5. Tendency toward increasing obstruction be- 
tween examinations 

6. Absence of diverticula 

7. Typical deformity frequently a convex filling 
defect 

8. Obstruction with evidence of tumor mass 


Diverticulitis 


1. Spastic bowel with wide transversely ar- 

ranged folds; “saw-tooth defect” 

Core-shaped ends to constricted areas 

Long segments of involved bowel 

Preservation of mucosal folds 

Change in size of the constricted area be- 

tween examinations 

6. Presence of diverticula 

7. Flexibility at core-shaped ends, as seen by a 
changing lumen during a single examination 

8. Obstruction without demonstrable tumor 


fo 
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Figure 3 
Fig. 3.—Carcinoma of the rectosigmoid is well 
shown in this x-ray. The diverticula are sharply 
demonstrated and are independent of the neoplasm. 
: Fig. 4.—Diverticulosis is the roentgen diagnosis 
in this case. The out-pouchings are well seen. 


Fig. 5.—This x-ray shows the long, narrow seg- 


ment ordinarily associated with diverticulitis. The 
patient had diverticulosis demonstrated three years 
in succession. The radiologist described perfora- 
tion and abscess formation. Resection revealed the 
presence of adenocarcinoma, as well. 
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Figure 4 
Sigmoidoscopic examination revealed a small adeno- 
carcinoma. 


Fig. 6—Long segment of descending colon in- 
volved in what was considered to be diverticulitis. 
Note absence of shelf, fairly well retained mucosal 
pattern, and conical ends of lesions, with distensible 
bowel above and below. It shows many character- 
istics of diverticulitis, yet the lesion proved to be 
carcinoma with associated diverticula. 
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Schatzki** states that on repeated ex- 
amination, if the lesion is enlarging, car- 
cinoma is suggested. While Golden *® 
emphasizes that the difficulty in differentiat- 
ing these two lesions has long been known, 
diagnostic errors are still being made, owing 
to failure to realize (1) that diverticula may 
not fill; (2) either condition can cause 
complete obstruction, in which case dif- 
ferential diagnosis cannot be made; (3) an 
infectious granuloma which destroys the 
mucosa cannot be differentiated from car- 
cinoma by roentgenologic methods. The 
presence of diverticula should not be con- 
sidered as evidence that carcinoma is absent 
in any given case. To illustrate some of 
the difficulties encountered in barium enema 
visualization of these lesions, x-ray photo- 
graphs follow (Tigs. 3, 4, 5, 6). 


Difficulties in Diagnosis 


Clinical Diagnosis.—The clinical impres- 
sion in 34 of the 35 cases was carcinoma of 
the sigmoid colon. In only seven cases was 
diverticulitis, or associated diverticulosis, 
suspected. This was in sharp contrast with 
the roentgen diagnosis, which revealed 23 
cases suggestive of carcinoma and 28 with 
diverticulosis. The key to the diagnosis is 
the maintenance of a high degree of suspi- 
cion that malignancy may be present in 
patients with chronic colon distress and 
diverticula. 

Surgical Diagnosis—Even at the operat- 
ing table, with the lesion in his hand, the 
surgeon may have difficulty in differentiating 
carcinoma from a diverticulitis, or inflam- 
matory granuloma. The sigmoid colon may 
be edematous, indurated, and more or less 
adherent to the bladder, uterus, and loops of 
small intestine. The operating surgeon has 
no advantage in making an accurate dif- 
ferential diagnosis in problem cases. Dif- 
ferentiation is more easily made after the 
specimen is opened after removal. The 
surgeon was successful in differentiating 
carcinoma from diverticulitis in but 26 cases 
at the operating table before opening the 
surgical specimen. Welch?* feels that in 
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25% of patients the diagnosis of carcinoma 
or diverticulitis is not clear until after the 
specimen has been opened, 

Pathological Diagnosis—In 35 cases car- 
cinoma was confirmed after operation, and 
10 had associated diverticula, as described 
in the pathological record. The pathologist, 
naturally, was able to make the diagnosis 
with his gross and microscopic study of the 
lesion. However, once the pathologist finds 
the more serious lesion, carcinoma, he often 
fails to record the presence of diverticula. 

In this regard, Wilson *° as long ago as 
1911 felt that diverticula had a close rela- 
tionship to carcinoma of the colon. Of 15 
cases of diverticulosis, 4 cases had developed 
carcinoma (25%). He recommended that 
all carcinomas be explored for diverticula 
with a small glass probe having a 1 mm. 
bulbous end; his feeling was that many 
carcinomas have associated diverticula which 
go unnoticed by the pathologist. 

Beer! in 1904 referred to a single case 
of coexisting diverticula and carcinoma, 
which had been described by Hochenegg at 
the 3lst Congress of German Surgeons. 

We are of the opinion that whenever 
diverticula and carcinoma are found to- 
gether the relationship is a coincidental one, 
and not one of cause and effect. 


Surgical Orientation Toward Treatment 


There is general agreement that the 
proper treatment for carcinoma of the 
sigmoid colon is a left colectomy, The real 
problem arises when diverticula confuse the 
diagnosis. Diverticulitis, when uncompli- 
cated, is managed medically. The classical 
indications for surgery in diverticulitis in- 
clude perforation, abscess, fistulae, hemor- 
rhage, and obstruction. Surgery is likewise 
advocated when differentiation between car- 
cinoma and diverticulitis cannot be made. 
We are in agreement with recent trends in 
which surgery is being used more frequently 
in diverticular disease. Mortality rates have 
been reduced very substantially. Donald ® 
reported no fatalities in 22 cases. Judd," 
employing single-stage resection, had only 
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one fatality in 68 cases, and the cause was 
unrelated to the surgical procedure. 

The prognosis for patients with diver- 
ticulitis and carcinoma has been very poor. 
Rauch *! has vividly shown that only 15% 
of patients having previous inflammatory 
disease with their carcinomas survived five 
or more years after resection. Another 
similar group, free of prior inflammatory 
disease, showed a 32% survival for five or 
more years. 

In view of the serious danger of over- 
looking a carcinoma in cases of diverticulitis, 
we endorse the recent more aggressive at- 
titude of Fallis,? Rauch! Judd," and 
Mayo.” Uncomplicated diverticulitis is an 
indication for surgery in 30% of cases 
treated by Welch.2778 

In addition, an aggressive attitude will 
relieve the patient of much morbidity from 
possible obstruction which will then require 
colostomy, resection of the lesion, and then 
closure of the colostomy. 

In the patient with symptoms of disturbed 
colonic function, exhibiting manifestations 
of diverticulitis and carcinoma, surgery 
should be advocated. The following con- 
stitute relative indications for surgical inter- 
vention : 

Persistent mass 
Repeated bleeding 
Tenesmus 

Increasing constipation 


Persistent tenderness and evidence of inflam- 
mation 


6. Poor response to medical therapy 
7. Equivocal x-ray diagnosis 


Careful preoperative preparation, includ- 
ing decompression of obstructed cases, cor- 
rection of anemia with transfusions of 
blood, use of antibiotics in the preoperative 
and postoperative periods, are factors in 
achieving favorable mortality and morbidity 
statistics. 


Operative Procedures 


Since the first resection of the colon for 
diverticulitis in 1907 by W. J. Mayo,?® 
surgical treatment has been used with in- 
creasing frequency. 
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TABLE 4.—Operative Procedures 


No. Percentage 


Primary resection 714 
Colostomy & resection 17.1 
Exteriorization colon 2.9 
Total 8.6 


The operation of choice in the 35 cases 
of carcinoma of the sigmoid with associated 
diverticulosis was resection of the left colon 
without colostomy. Twenty-five cases were 
treated without colostomy; six had colostomy 
followed by resection, Only two cases were 
completely obstructed before operation. Only 
one case required exteriorization of the 
colon, Total colectomy was performed in 
three cases for multiple colonic carcinomas, 
with associated diverticulosis. There was no 
postoperative mortality in this group of 
35 cases (Table 4). 


Follow-Up 


The follow-up on these patients has 
ranged from six months to five years, the 
majority being two or three years. The 
patient admitted with carcinoma of the colon 
and complete obstruction has a slim chance 
of surviving five years after operation. This 
is an additional reason for urging surgical 
treatment at the earliest possible date, before 
obstruction, in order to improve the five- 
year cure rates. 


Report of Cases 


The two following case reports are 
illustrative of the importance of careful and 
complete study of all cases of diverticulosis 
for the simultaneous occurrence of car- 
cinoma. 

The first case illustrates the importance 
of proctoscopic examination, in view of the 
normal barium enema, except for diver- 
ticulosis. Yet the proctoscopic revealed a 
sigmoid lesion at 20 cm. which, upon biopsy, 
proved to be adenocarcinoma. 

The second case shows how the roent- 
genogram is often equivocal as to etiology 
of a constricting lesion. The radiologist in 
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this case leaned more toward diverticulitis, 
but could not rule out carcinoma. On 


pathologic examination, the patient had both. 

Case 1—Patient was a 75-year-old woman, 
first seen in Henry Ford Hospital Outpatient De- 
partment on Dec. 31, 1957, because of weakness 
and soreness of the lower extremities for seven 
to eight years, and some pain in the hips and pelvis, 
and dizzy and fainting spells during the past year. 
She gave a long history of constipation for many 
years, but denied any recent change in bowel habits, 
or rectal bleeding. Her appetite had been poor, 
but no weight loss was reported, 

On routine examination in the Outpatient De- 
partment, the patient was noted to have a marked 
pallor of the mucous membranes and was appar- 
ently anemic. Because of this she was admitted to 
the Hospital for a complete gynecologic and gastro- 
intestinal work-up. 

Physical Examination.—The patient appeared to 
be chronically iH, with obvious pallor of the con- 
junctiva and mucous membrane. The lungs were 
clear to percussion and auscultation. The heart 
revealed a Grade 1 systolic murmur at the apex. 
B. P. 160/90. Abdomen: The liver was 3 cm. 
below the right costal margin. There was tender- 
ness in the left lower quadrant, but no masses 
were felt. The extremities showed limitation of 
motion of the hips in lateral rotation. 

Gynecologic Consultation—Negative for any 
tumor or mass in pelvis. 

Neurologic Consultation—Not remarkable ex- 
cept for arteriosclerotic changes accounting for 
dizzy spells. 

General Surgery Consultations.—P roctosigmoid- 
oscopic examination revealed an ulcerating, fungat- 
ing mass in the sigmoid colon at 20 cm. This 
was biopsied and the pathologic report was adeno- 
carcinoma of the colon. 

Laboratory Findings—Hemoglobin 9.3 gm. %. 
Liver and kidney function studies were within 
normal limits. 

Roentgenograms.—Barium enema showed nu- 
merous diverticula of the descending and sigmoid 
colon, without evidence of diverticulitis. No other 
abnormality was noted. Upper gastrointestinal 
series revealed an old duodenal bulb deformity, but 
no active crater. An incidental finding was a small 
diverticulum of the third part of the duodenum. 
Chest, skull, pelvis, and hip films showed only 
osteoporosis and demineralization. 

Preoperative Care.—After careful cardiac eval- 
uation, blood transfusions, and preparation of the 
bowel with succinylsulfathiazole (Sulfasuxidine) 
and neomycin and enemas, operation for removal 
of the involved sigmoid was planned, 

Operation—A left colectomy and resection of 
the upper rectum was performed, as well as a 
transverse coloproctostomy. Numerous diverticula 
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were present in close association with the car- 
cinoma in the sigmoid. 

Course.—Patient had a very smooth postopera- 
tive course. She was ambulated the evening of 
operation, had normal bowel movements by the 
sixth postoperative day, and was eating a full 
bland low-residue diet by the eighth day. She was 
discharged on the 15th postoperative day. 

Pathologic Diagnosis —Adenocarcinoma of the 
colon with associated diverticulosis. 

Case 2.—Patient was a 61-year-old woman ad- 
mitted to Henry Ford Hospital, Jan. 29, 1958, 
with a history of passing blood and pus per 
rectum for three months. Chronic constipation had 
been noted for some years, as well as ribbon stools 
in recent weeks. There was a long history of 
digestive difficulty dating to an early diagnosis of 
chronic irritable colon 20 years earlier. A barium 
enema, taken before cholecystectomy in 1954, had 
revealed diverticula of the sigmoid colon. 

Physical Examination.—B. P. 154/70. Heart and 
lungs were not remarkable. Abdomen: RUQ and 
midline lower abdominal scars and slight LLOQ 
tenderness. No masses. Liver not palpable. Rectal 
examination negative. 


Proctoscopic Examination —Negative to 17 cm. 
for ulceration, polypi, or tumor. 

Roentgenogram.—Examination with barium en- 
ema of the colon showed numerous diverticula of 
the sigmoid colon. There was an area of 4.5 cm. 
length in the lower descending colon which failed 
to distend, but with preservation of the mucosa 
along the lateral margin. An associated mass le- 
sion surrounds the entire colon without constric- 
tion. The ends of the lesion are tapering, rather 
than presenting an abrupt typical shelf. 

Impression —Diverticulosis of the sigmoid colon 
with associated inflammation or neoplasm of sig- 
moid colon. The entire sigmoid shows changes 
due to diverticulitis, or resulting from a malig- 
nancy. 

Preoperative Care——Cardiac consultation re- 
ported a small Q wave, but the heart function was 
considered to be within normal limits. Patient 
was placed on a bowel preparation of succinyl- 
sulfathiazole, neomycin, enemas, and_ restricted 
diet. 

Laboratory Findings —Hemoglobin 13.4 gm. %. 
Urinalysis and blood chemistry studies of liver 
function, sugar and nonprotein nitrogen were nor- 
mal, 

Operation —On Feb. 3, 1958, patient underwent 
a left colectomy and transverse coloproctostomy. 
An annular carcinoma of the descending colon, 
with associated diverticulosis of the sigmoid, was 
found. 

Course.—Recovery was uneventful, except for a 
deep phlebothrombosis of the left calf, which de- 
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veloped on the 13th postoperative day and was 
treated with anticoagulants. 


Comment 


This second case illustrates the impor- 
tance of repeated barium enema examina- 
tions of the colon in a patient having 
diverticulosis, especially in the presence of 
any new or aggravating symptoms of con- 
stipation or stool changes. In 1954 this 
patient had diverticulosis with not a sign of 
constriction or other lesion. It would have 
been easy to shrug off her symptoms as 
simply due to diverticulosis. However, a 
high index of suspicion proved indicated 
here, when a constricting lesion was found 
on subsequent enema three years later. This 
proved to be a carcinoma, and valuable time 
would have been lost had this been treated 
as a diverticulosis. 

We feel that an annual proctoscopic and 
barium enema study is advisable in all 
persons having chronic colon symptoms, in 
order to detect a superimposed carcinoma at 
the earliest possible moment. 

An aggressive attitude toward these le- 
sions also saves the patient much morbidity 
from obstruction, and possibly transverse 
colostomy, resection of lesion, and closure 
of colostomy. The immediate colon resec- 
tion in this case obviated such a complicated 
course and a three-operation program of 
treatment. 


Summary and Conclusions 


A review has been made of 355 cases of 
carcinoma of the colon occurring in the five- 
year period 1953-1957 inclusive. The loca- 
tion of these lesions and percentages has 
been noted. In 75 cases (21%) diverticulo- 
sis and diverticulitis were present, as well. 

A close study was made of the 35 cases 
of sigmoid carcinoma with closely associated 
sigmoid diverticula. 


The clinical suspicion of carcinoma was 
the most valuable single diagnostic aid 
noted. 


Proctosigmoidoscopic examination was di- 
rectly valuable in diagnosing carcinoma and 
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confirmed the clinical impression of car- 
cinoma in 57% of our cases. It was of 
little value in diverticulosis. 

Barium enema examination was of great- 
est value in diagnosing both diverticulosis- 
diverticulitis and carcinoma; was definitely 
positive in 45.7% of the cases, presump- 
tively correct in 65.7%. This points out 
the need for surgical resection in any 
equivocal case, such as those with complete 
obstruction, poor filling, and atypical lesions 
with long poorly filled segments and those 
cases with short poorly filled segments with 
diverticula. 

The surgical attitude of aggressive, 
prompt action in all cases of diverticula 
which appear at all suspicious of carcinoma 
is the one method by which cure rates may 
be improved. 

Finally, any person having diverticulosis 
and diverticulitis should not be shrugged off 
as having a nonsignificant “garden-variety” 
finding of the colon. This patient should 
be followed more persistently with repeated 
proctoscopic examinations and barium enema 
studies, since this patient may have symp- 
toms of constipation, bowel habit change, 
and abdominal distress, indistinguishable 
from carcinoma. 

The sigmoid colon, where some 70% to 
80% of diverticula occur, is also the site 
of 55% to 60% of the cancers of the colon. 
For this reason, this area should be given 
careful scrutiny in any colon study. This 
study of 35 cases of associated sigmoid 
diverticulosis and diverticulitis and carci- 
noma has illustrated how difficult a problem 
these two coexisting conditions can become. 

Approximately 5,000,000 Americans have 
diverticulosis, and 1,000,000 are destined to 
have diverticulitis. Nearly 150,000 may ex- 
pect surgery for diverticulosis complicated 
by diverticulitis, and 10% of these will be 
found to have associated carcinoma. Im- 
proved results for 10,000-15,000 patients 
with carcinoma and diverticular disease can 
be anticipated if a high degree of suspicion 
is taken toward this dangerous combination. 

A constant alertness to symptoms and 
determined diagnostic study is advocated. 


37/381 


gy 
as 
| 
Fu 
Ace 
7 
a 
ig 
at 


Surgery should be used more frequently in 
carefully selected cases. Such an aggres- 
sive attitude will undoubtedly save lives in 
the future, in a population which is aging 
and destined to have more and more colonic 
diseases. 


Henry Ford Hospital. 
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COEXISTING CARCINOMA AND DIVERTICULA 


DISCUSSION 


On Papers BY Drs. LYNN AND ESPINAS, 
BY Drs. JoHNsON, JUDD, AND DAHLIN, 
AND BY Drs. PonKA, Fox, AND BrusH 

Dr. Henry K. Ransom, Ann Arbor, Mich. : 
In 1954 a report was made from the Department 
of Surgery at the University of Michigan con- 
cerning a special study of 850 surgical specimens 
of carcinoma of the colon and rectum. These le- 
sions had been classified according to the Dukes’ 
Classification as modified by Kirklin, Docherty, 
and Waugh. In 352 of the specimens a five-year 
follow-up study of the patients was possible. In 
this group of cases the distribution of lesions was 
as follows: A—1l case (0.28%), B:—48 cases 
(13.64%), Bz—164 cases (46.59%), C:—14 cases 
(3.98%), and Cz—125 cases (35.51%). The five- 
year survival rates were as follows: A—100%; 
B.— 64.6%; Bz—53.7%; Ci:—42.9%, and 
22.4. 

During the 10-year period, from 1940 to 1949 
inclusive, there were 68 patients who had resec- 
tions of the colon or rectum for carcinoma and 
who were 40 years of age or younger. The 
anatomic location of the lesions in these patients 
was as follows: right colon—11; left colon—13, 
and rectum—44, The Dukes’ Classification in these 
68 cases was as follows: B:—8; B:—28; C,—4, 
and Cz—28. The five-year survivals in these 
younger patients were as follows: B:—7 (87.5%); 
Br—17 (60.9%); G-—2 (50%), and 
(214%). In this group of 68 cases there were 
seven patients 29 years of age or younger. The 
site of the lesion and the end-results were as fol- 
lows: Rectum—four, with one dead at 7 years 
and 4 months, and three living at 11 years and 7 
months, 6 years and 3 months, and 7 years and 
7 months, respectively; right colon—two, with one 
dead at one year and 3 months, and one living at 
16 years and 6 months; left colon—one dead at 1 
year and 6 months. Curiously enough, the young- 
est patient in the group, a young man of 18 with 
an adenocarcinoma (Bz) of the hepatic flexure, 
is now living 16% years after operation. 

These figures indicate that in the younger pa- 
tients there is no great difference in survival rates 
The 
harmful effects of penetration of all coats of the 
bowel wall by neoplasm and of nodal involvement 
are the same as in the older patients. While car- 
cinoma of the associated multiple 


as compared with the group as a whole. 


colon with 


polyposis of the colon is not uncommon in younger 
patients, it is also true that solitary adenoxar- 
cinomas of the colon and rectum are seen in young 


persons with sufficient frequency to make this 
lesion an important one to consider in differential 
diagnosis. 

Dr. Rupotr J. Noer, Louisville: The paper 
read by Dr. Ponka is an additional argument in 


Ponka et ai. 


favor of a more aggressive approach to the treat- 
ment of diverticular disease of the colon. 

The widespread reluctance of many surgeons to 
resect diseased areas of the colon due to diverticular 
disease is very difficult to understand. We readily 
resect diseased gallbladders, stomachs, spleens, and 
all other organs, but for some reason or other 
(perhaps by tradition handed down from the days 
of poorer resection results) diverticular disease of 
the colon seems to have for many a big sign saying, 
“Hands off!” 

Diverticulosis may well follow a benign course, 
yet we know that it is prone to develop complica- 
tions. On the other hand, diverticulitis is a serious 
disease. Perforation, peritonitis, fistula formation, 
later obstruction, are all serious conditions as far 
as the patient is concerned, and I submit that the 
patient who dies of peritonitis following rupture 
of a diverticulum is just as dead as if he died of 
cancer. 

If there is a localized diseased area of the 
colon which can be relieved by resection, I do not 
think we should be reluctant to carry out this 
operative procedure. 

Further, and even more important, if there be 
any confusion as to diagnosis, there is no reason 
to temporize or to procrastinate. Operation will 
do the patient no harm, and will do him nothing 
but good in sparing him complications if the dis- 
ease in question is due to diverticulosis and diver- 
ticulitis. He will be given his one chance for 
survival if the disease is carcinoma. 

The late Evarts Graham said a few years ago, 
about diverticulitis, “In view of the comparative 
safety of resection today, the old laissez faire 
policy is becoming untenable.” 

Drs. Ponka, Fox, and Brush deserve support in 
their plea for a more aggressive approach to the 
treatment of chronic diverticulosis and diverticu- 
litis. 

Dr. T. McELurinney, Covington, Ky. : 
I arise to ask Dr. Lynn to explain, according to 
his theory in intestinal obstruction or atresia, why 
one sees multiple abdominal adhesions and why 
one sees green meconium beyond the obstruction 
or atresia site. 


Minn.: Mr. 
sent me his 
asked me to 
comment on it. | was struck by several factors in 
it that had not come to the surface in some of the 
articles I had read previously. 


Dr. Epwarp S. Jupp, Rochester, 
President, Dr. Ponka very kindly 
manuscript several weeks ago and 


The first one was the age factor. We used to 
think of both diverticulitis and carcinoma of the 
colon, especially the sigmoid colon, as accompany- 
ing old age, but it appears that almost any age mav 
be involved, and we must not let our guard dow 
on that score. 
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Diverticulosis has not been considered a disease 
entity. At our institution we do not store the 
“negative” roentgenograms beyond a certain period 
of time, and these include many cases of “diver- 
ticulosis.” Perhaps if we had more space and were 
stimulated to make such studies as Dr. Ponka’s, 
we might save these films and we might be sur- 
prised when we reviewed them at a later date. 

The pathologist, too, may concentrate his atten- 
tion on the cancer and may not comment much on 
the diverticula that coexist; it would be most help- 
ful to have some really scientific information on 
what possible relationship there is. 

This paper reflects again the increasing aware- 
ness of the association of bleeding with diverticu- 
lar disease. We used to say that “if there is 
bleeding with a colonic lesion, it is cancer until 
proved otherwise.” We may have to revise that 
thinking very drastically. 

As the authors pointed out, the sigmoid is the 
region most frequently involved with both of these 
diseases, and the task is to find out why this is so. 
We have some pet theories, but I do not think 
anyone really knows as yet. 

We have been asked repeatedly whether we do 
not think the presence of diverticulitis increases 
the possibility that carcinoma will develop. We 
have answered that in a rather prosaic way, say- 
ing that usually if there are preexisting diverticula 
without inflammation and if an annular carcinoma 
develops distal to that point, then obviously the 
obstruction will produce diverticulitis. We are 
hard put to explain it when the carcinoma exists 
above the site of the diverticulitis. 

In closing, I certainly agree completely with Dr. 
Noer, Dr. John Waugh, and others who are 
pointing out that prophylactic resection for diver- 
ticulitis has a great deal to recommend it at the 
present time. 

Dr. Hucu B. Lynn, Louisville: Dr. McEIl- 
hinney will recall that I offered this not as a 
cure-all but as just one of the explanations. As 
he is well aware, even more so than | am, there 
are many, many explanations that have been ad- 
vanced in the literature over a period of several 
hundred years. We have all been faced with the 
fact that we have seen cases in which there was 
what we considered perfectly normal bile type of 
meconium distal to an area not just of stenosis 
but of complete atresia with loss of continuity of 
the bowel. 

Many things can happen. First of all, some of 
the authorities on the subject explain it on the 
basis that in a later age group, beyond the third 
month of embryonic life, there can occur many 
of these other causes, such as thrombosis of ves- 
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sels and kinking of bowel, and many of these 
lead to a state which simulates and suggests intus- 
susception. An intussusception or a foreign body 
in the lumen of the bowel leads to increased 
peristalsis, leading to inflammation and all sorts 
of trouble that may go on to gangrene or at 
least some interruption of the blood supply, to the 
point where the tissue does degenerate. 

I have no explanation for it other than that it 
should be pointed out that much of that green 
meconium seen distal to an area of atresia is not 
quite the same color. That has been pointed out 
in cases of meconium ileus as a particular example, 
and of course the explanation as given by many 
authorities has been that as the bowel tries to pour 
out mucus in an attempt to get rid of its obstruc- 
tion, the bile in the serum comes out into the 
mucus and is taken up by the distal end meconium. 

We are all well aware that there are many 
more than 14 cases of successfully treated colonic 
atresias in the world, and I know of several cases 
right in this audience, and they have never been 
reported. I hesitate to tell you all to rush out and 
fill up the literature, but it is something that has 
been very poorly reported. 

Dr. JosepH L. Ponka, Detroit: May I thank 
Dr. Noer and Dr. Judd for their kind remarks. 

Dr. Noer has studied the problem of diverticula 
very carefully, and his work on bleeding and di- 
verticula has been well recorded. 

Our figure of 10% as the rate of coexistence 
of carcinoma and sigmoid diverticula is high, but 
I want to point out that we carried out a retro- 
spectroscopic examination of our x-ray films, the 
surgeon's report, and the pathologist’s report. The 
pathologist does not seem too interested in record- 
ing the diverticula, once he finds the more serious 
carcinoma. The surgeon, when encountering an 
acute inflammatory mass, cannot always differ- 
entiate between a malignancy and an inflammatory 
mass, and it has been pointed out that as many 
as 25% errors are made in trying to appraise the 
lesion at the time of operation. Not until the 
resected specimen is opened is the diagnosis rea- 
sonably clear. 

Finally, I would like to call your attention to 
the fact (and I am sure most of you are aware 
of this) that Dr. Mayo did the first staged resec- 
tion for diverticulitis in 1907. Dr. Wilson, in 
some careful studies, felt that there was a rela- 
tionship between diverticula and malignancy. Dr. 
Judd’s father wrote on this subject and felt that 
this relationship between diverticula and malig- 
nancy was a coincidental one. Since then a number 
of excellent articles have appeared, and in 1956 
Dr. Mayo emphasized this subject again. 
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Postcolectomy Regression of Adenomatous Polyps of 


the Rectum 


JACK W. COLE, M.D., and WILLIAM D, HOLDEN, M.D., Cleveland 


The purpose of this paper is to record 
two examples of spontaneous regression of 
adenomatous polyps of the rectum following 
total colectomy and ileoproctostomy and to 
present the results of cytological and cyto- 
chemical studies performed on the regressing 
adenomas. 

In 1957, Hubbard! reported a similar 
experience in a patient with familial polypo- 


It seems likely that additional examples 
of this biological phenomenon will be ob- 
served in the future. The added informa- 
tion which can be expected through careful 
study of these patients will not only modify 
in some instances the surgical management 
of patients afflicted with diffuse polyposis 
but can be expected to add greatly to our 
understanding of the biogenesis of these 
lesions. 


Report of Cases 


Case 1.—Present Illness —The patient was a 17- 
year-old male Negro admitted to the hospital 
March 6, 1957, with the chief complaint-of bloody 
diarrhea of two months’ duration associated with 
mild cramping lower abdominal pain. The patient 
was having five to six loose, bloody bowel move- 
ments at the time of admission to the hospital. A 
similar episode lasting approximately two weeks 
had occurred a year prior to admission. For this he 
received no medical attention. 

Past Health—Except for the usual childhood 
diseases the patient had enjoyed good health, and 
his growth and development had been within normal 
limits. 

Family History —His father, aged 45, was living 
and in apparent good health, although he was 
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known to have a solitary rectal polyp for which 
he had thus far refused surgery. His mother was 
45 years of age and in good health. A brother, 
aged 16, was living and well. Three sisters (ages 4, 
9, 16) were all living and well. 

The health of the maternal and paternal grand- 
parents could not be ascertained. 

Other than the known polyp in the patient’s 
father, sigmoidoscopy and barium enema performed 
in the members of the patient’s immediate family 
have revealed no abnormalities. 

Physical Examination—The pertinent positive 
findings on physical examination were confined to 
the rectum and sigmoid colon. On sigmoidoscopy 
almost the entire mucosal surface of the rectum 
and sigmoid was covered with adenomatous polyps 
varying in size from a few millimeters to 2 cm. 
in greatest dimension. There were both sessile and 
pedunculated polyps. Barium enema demonstrated 
the presence of multiple polyps of the colon beyond 
the reach of the sigmoidoscope. 

Laboratory Findings.—No significant abnormal- 
ities were noted. 

Hospital Course—At the time of the sigmoid- 
oscopic examination there was considerable doubt 
in the mind of the examiner that the rectum could 
be spared and it was thought that it might be in 
the patient’s best interest to perform a one-stage 
total coloproctectomy and abdominal ileostomy. 
However, in view of the patient’s age and the 
fact that on gross examination there was little 
evidence to suggest the presence of a frank malig- 
nant lesion in the rectum, it was decided to perform 
a total colectomy and ileoproctostomy, which was 
carried out on March 14, 1957. The rectum was 
divided low in the pelvis, and approximately 2 cm. 
of the mucosa of the rectal stump was cleared of 
polyps for purposes of effecting a satisfactory end- 
to-end anastomosis, free of adenomas. 

The excised colon contained innumerable adenom- 
atous polyps (Fig. 1). The largest pedunculated 
polyps were in the sigmoid and rectum. The size 
and number of polyps diminished progressively 
from the rectum to the cecum, which contained 
relatively few small sessile adenomas. No histo- 
logical evidence of a malignant lesion could be 
found in the adenomas of the colon subjected to 
microscopic examination. 
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Fig. 1 (Case 1)—Colon removed. Note the 
diminution in size and number of adenomas from 
the rectum toward the cecum. 


The patient’s postoperative course was compli- 
cated by episodes of partial small intestinal obstruc- 
tion requiring repeated intestinal intubation. 
However, he continued to have 10 to 15 loose bowel 
movements each day during this period of con- 
valescence. One month after his initial surgery, 
it became necessary to reoperate for lysis of small 
intestinal adhesions. 

After this procedure the patient improved satis- 
factorily. Six weeks after total colectomy and 
ileoproctostomy, the patient was given enemas 
preparatory to removing the polyps remaining in 
the rectal segment. It became apparent to all 
observers at this time on proctoscopic inspection 
that there had been a marked reduction in the size 
and number of adenomas as compared with the 
preoperative appearance. A few of the larger 
polyps which were prone to prolapse through the 
anal canal were removed. We elected to follow 
the patient on an outpatient basis for further 
evidence of continued regression of the rectal 
adenomas. An occasional polyp was removed dur- 
ing the follow-up period for cytological study. 

The period of observation was rewarded by the 
fact that the number of polyps diminished pro- 
gressively until eight months after surgery the 
rectum was free of all adenomas, and it has 
remained free to the present time (Figs. 2 and 3). 
The patient is having two to four semisolid stools 
each day and is maintaining satisfactory body 
weight. 

Case 2.—Present Illness—The patient was a 
32-year-old white man admitted Aug. 28, 1958, with 
the chief complaint of diarrhea and bleeding from 
the rectum for about three months. He had passed 
as many as 20 stools a day, and occasionally they 
consisted of “pure blood.” According to the pa- 
tient he had had a similar episode 10 years previ- 
ously. 
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Fig. 2 (Case 1).—Proctoscopic view of ileorectal 
anastomosis approximately 20 months after co- 
lectomy and ileoproctostomy for polyposis. Fecal 
matter upper portion of field. 


Fig. 3 (Case 1).—Proctoscopic view of retained 
rectum 20 months after surgery. Note smooth, 
normal-appearing mucosa near dentate line and the 
normally appearing valve of Houston in the 
distance. Fecal matter upper portion of field. 
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REGRESSION OF ADENOMATOUS RECTAL POLYPS 


Past Health—He had had an appendectomy in 
1940 and acute poliomyelitis in 1954, at which time 
no rectal examination had been performed. 

Family History—His mother had died at the 
age of 60 with an adenocarcinoma of the colon. 
Two maternal aunts had died at unknown ages 
with carcinoma of the colon. One sister was living 
and well and another was known to have polyposis 
of the colon. 

Physical Examination—This was negative gen- 
erally, except for the sigmoidoscopic examination, 
which revealed innumerable sessile and pedunculated 
polyps measuring from 0.2 to 1 cm. in diameter. 

Hospital Course.—Excision of five of the rectal 
lesions revealed them to be adenomatous polyps. 
A barium enema demonstrated multiple polypoid 
defects in the left colon and a suggestion of several 
in the right colon. On Sept. 5, 1958, a total 
colectomy and ileoproctostomy were performed. 
The patient’s postoperative course was uncompli- 
cated. The excised colon contained many adenomas 
both sessile and pedunculated. They were most 
numerous in the rectum and sigmoid colon and 
diminished in size and frequency as the cecum was 
approached (Fig. 4). 

Follow-up observations of the rectal segment 
were made periodically. Six weeks after the opera- 
tion it was noted that the polyps were much more 
sessile, that they did not prolapse into the lumen 
of the proctoscope as they had previously, and that 
they were in general about one-fourth their original 
size. One polyp was excised for microscopic studies. 

Fourteen weeks after the operation proctoscopy 
demonstrated very few polyps. Those that still 


Fig. 4 (Case 2).—Excised colon removed from 
32-year-old patient with familial polyposis. Note 
larger and greater number of adenomas near 
rectum (portion in lower right corner of photo- 
graph) as compared with the cecum (upper left 
corner of photograph). 


were present had regressed in size. 
polyps were removed for examination. 

Twenty-one weeks postoperatively reexamination 
of the rectum showed continued diminution in the 
size and number of polyps. There were no peduncu- 
lated polyps noted, and the few remaining sessile 
adenomas gave the mucosa a “cobblestone” ap- 
pearance in the patchy areas where regression 
was incomplete. One polyp was removed. 


Two small 


Comment.—Our initial experience en- 
couraged us to adopt a similar plan of 
management in this patient with familial 
polyposis and not attempt to surgically 
remove the rectal polyps. Regression of the 
rectal adenomas was again observed. Al- 
though the rectum is not completely free of 
adenomas at this time, very few remain and 
only three polyps have been removed since 
the time of surgery five months ago. The 
largest of these measured 0.4 cm. in greatest 
dimension. 

Gross Changes Observed in Regressing 
Rectal Adenomas.—It is difficult to describe 
the gross changes occurring in the polyps of 
the rectum observed during the follow-up 
period. The impression held by some ob- 
servers is that there was a thickening and 
shortening of the pedicles in the more 
pedunculated polyps, which assumed, with 
the passage of time, a sessile configuration. 
Sessile polyps in turn gradually flattened 
out and blended with the adjacent normal 
mucosa. One point of which we are certain 
is that they did not regress as a result of an 
acute inflammatory process with ulceration, 
necrosis, and sloughing. This was not ob- 
served grossly and evidence of inflamma- 
tion was not noted microscopically in the 
regressing adenomas. 

A feature of the gross pathology common 
to both patients being reported was the dis- 
tribution of the polyps in the colon. In 
both, the largest polyps were in the rectum 
and left colon. The size as well as the total 
number diminished in a counterclockwise 
manner so that the cecum had only a few 
small sessile adenomas (Figs. 1 and 4). 
This point deserves special consideration in 
view of .the fact that after ileoproctostomy 
the polyps in close proximity to the anatomo- 
sis were the first to completely disappear 
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and those near the dentate line the last to 
disappear, 

It was our impression during the post- 
operative observation period that the rectal 
segment became more capacious with the 
passage of time. No attempt, however, was 
made to measure the actual capacity. Dilata- 
tion of the rectum, if it should prove to be 
a fact, might serve to explain in part the 
regression of the more sessile lesions by a 
process of “stretching out.” The dilatation 
could be explained as a result of increased 
demand for additional absorptive surface as 
well as increased sphincter tone required 
in maintaining fecal continence with liquid 
stools. 

Histological and Cytological Study of the 
Regressing Polyps——An attempt has been 
made to detect any significant histological, 
cytological, or cytochemical changes occur- 
ring in the regressing polyps by a careful 
study of the biopsy material removed from 
the two patients during their period of 
postoperative observation. 

In all instances biopsy specimens obtained 
from the rectal polyps at different intervals 
during the follow-up study were mounted 
on the same slide with unstained specimens 
removed at the operation in order to validate 
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any comparative changes that might be 
noted. The slides were reviewed by three 
pathologists none of whom were acquainted 
with the project. 
The following studies were carried out: 
1. Hematoxylin and eosin stain 
2. Feulgen stain for presence or absence of de- 
oxyribonucleic acid (DNA) positive cytoplasmic 
inclusions 
3. Nuclear DNA content—Feulgen (microspectro- 
photometry) on isolated nuclei 
4. Mitotic index 
5. Alkaline phosphatase 
6. Mucin stain (Mayer’s mucicarmine) 
7. Periodic acid-Schiff stain (modified Hotchkiss- 
McManus) 
8. Nuclear volumes 
On examination of the sections stained 
with hematoxylin and eosin it was our 
opinion that the polyps undergoing regres- 
sion occasionally showed evidence of cyto- 
logical degeneration characterized in some 
fields by pyknosis, hyperchromatic nuclei, 
and on occasion lack of nuclear polarity. 
These changes were by no means striking 
but prompted one pathologist to state that 
“the histologic criteria of malignancy tend 
to increase with the numbers of the slides” 
(larger numbers identifying polyps in a 
more advanced stage of regression). This 
histological characterization may under cer- 


Fig. 5 (Case 1).—Photomicrograph of sections of adenomas removed and stained with 


hematoxylin and eosin. 


A, polyp removed at the time of surgery. B, polyp removed from 
rectum six months after colectomy and ileoproctostomy. 
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Fig. 6 (Case 2).—Photomicrographs of sections of adenomas removed and stained = 


hematoxylin and eosin. A, rectal polyp removed at the time of surgery. 


B, section of * 


gressing” adenoma from rectum three months after ileoproctostomy. 


tain circumstances be indistinguishable from 
early changes of degeneration (Figs. 5 
and 6). 

A careful examination of the Feulgen- 
stained biopsy material 


by Dr. Cecile 
Leuchtenberger of the Department of Pa- 


Fig. 7.— Photomicro- 
graph of Feulgen-stained 
section of adenoma of the 
rectum demonstrating 
Feulgen-positive infranu- 
clear cytoplasmic inclu- 
sions (arrow) X 1,800. 


Cole—Holden 


thology led her to conclude that there was 
a diminution in the frequency of Feulgen- 
positive cytoplasmic inclusions in the polyps 
biopsied during the more advanced phases 
of regression? (Fig. 7). These DNA- 
positive cytoplasmic inclusions first described 
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Fig. 8 (Case 2).—Microspectrophotometric anal- 
ysis of nuclear deoxyribonucleic acid (DNA) con- 
tent in normal rectal mucosa (Leuchtenberger), 
rectal polyp (Leuchtenberger), and regressing 
polyp. Note that the nuclei in the regressing polyp 
contain DNA values similar to those in normal 
rectal mucosa. 


by Leuchtenberger * in 1954 and noted to be 
present in a study of over 600 adenomas of 
the colon and rectum bear striking re- 
semblance to cytoplasmic particles of known 
viral origin in other disease processes. The 
apparent diminution of cytoplasmic inclu- 
sions in the regressing adenomas may have 
particular significance and warrants further 
study. 

The DNA content of isolated nuclei as 
determined by Feulgen microspectropho- 
tometry 7 showed a slight decrease in the 
mean value of nuclear DNA in cells of the 
regressing adenomas as compared with nor- 
mal values* (Fig. 8). On the basis of 
previous studies in neoplastic tissue by 
Leuchtenberger * we would expect a greater 
number of nuclei to contain higher DNA 
values than noted in the regressing adeno- 
mas. Earlier studies have shown an in- 
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creased mean DNA value for nuclei in 
rectal polyps as compared with normal 
mucosa. Because of the difficulty in analyz- 
ing DNA in individual nuclei in adenomas, 
in situ, our determinations were carried out 
in isolated cells employing tissue smear 
technique. The possibility of a substantial 
loss of DNA by this technique has not been 
excluded. 

The mitotic index as determined by the 
incidence of mitotic figures per high-power 
field suggested a depression of mitotic 
activity in the regressing adenomas, but the 
data were not uniform as_ recorded by 
different observers and must be discounted 
for the present as being insignificant. 

No significant differences were noted in 
the studies of alkaline phosphate, periodic 
acid-Schiff or mucin content. 

Our failure to observe any consistent 
differences in the various cytological and 
cytochemical properties of the pre- and post- 
operative biopsy specimens does not deny 
their existence. Several shortcomings in the 
present study will be apparent to the reader. 
For instance, all polyps did not regress at 
exactly the same rate, which may mean, of 
course, that our biopsies did not include 
polyps exhibiting the greatest cytological 
changes. Similarly, we made no attempt at 
repeated biopsy of the same adenoma during 
its regression. It was our opinion that the 
trauma so inflicted would render interpreta- 
tion difficult of any changes noted. As a 
final point it should be emphasized that 
cytochemical techniques currently available 
or at least as utilized in this study are quite 
gross. As one might expect, the cellular 
changes are no doubt subtle and very 
insidious, occurring over a period of several 
months, and recognition of these changes 
may be extremely difficult. 


General Comment 
In attempting to explain the spontaneous 
regression of the rectal adenomas there are 
three major changes produced by the sur- 
gical procedure performed that are deserv- 
ing of careful consideration as possible 
etiological factors. 
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REGRESSION OF ADENOMATOUS RECTAL POLYPS 


1. Diversion of ileal contents directly into the 


rectum 
2. Extirpation of the major portion of the diseased 

organ 
3. Diminution in the blood supply to the remaining 

rectal segment 

Perhaps the most striking alteration 
created in the normal physiology of the 
bowel is the diversion of the ileal contents 
directly into the rectum. Several findings 
suggest this as an etiological factor in the 
disappearance of polyps in the patients pre- 
sented; namely, the very few adenomas 
seen in the region of the ileocecal valve in 
the gross specimen, and the previously men- 
tioned fact that after ileoproctostomy the 
first polyps to disappear from the retained 
rectal segment were those nearest the 
anastomosis, The rarity of small intestinal 
adenomas may also be considered as favor- 
ing this hypothesis. Whether the ileal fluid 
because of its enzyme content, i. e., as 
deoxyribonuclease (DNASE) pH, bacterial 
flora, and/or liquid state creates an un- 
favorable environment for the growth of 
the adenomas can only be a matter for 
conjecture with our present knowledge. 
Further study is essential. 

The possibility that by removing the 
largest part of the diseased bowel some 
intrinsic factor is eliminated which incites 
adenomatous mucosal proliferation must be 
entertained as a possible cause for the 
spontaneous disappearance of the rectal 
adenomas. Such a suggestion has been 
advanced by Todd.® 

The third hypothesis that a reduced blood 
supply to the retained rectal segment causes 
polyps to regress is worthy of mention. 
In both of our patients the superior hemor- 
rhoidal arteries were ligated. Although un- 
likely, it is conceivable that this maneuver 
might reduce the arterial blood supply of 
the rectum sufficiently to create local tissue 
conditions unfavorable to continued neo- 
plastic proliferation but not so pronounced 
as to produce ischemic necrosis. 

No doubt other theories will occur in the 
mind of the reader. Evidence in support of 
one or the other of the foregoing postulates 


Cole—Holden 


might be forthcoming if the opportunity to 
create an ileoproctostomy bypass should pre- 
sent itself. Under this circumstance ileal 
contents would bathe the polyps contained 
in the rectum, and the colon would remain 
in situ, albeit defunctionalized. 

In conclusion, a practical point deserving 
particular emphasis is that the absence of 
obvious polyps does not necessarily preclude 
the possibility of adenocarcinoma developing 
in the retained rectal segment; several such 
cases are a matter of record.*® The ques- 
tion may be raised, however, as to whether 
or not the repeated tra:wma incident to 
fulguration, biopsy, and manipulation re- 
quired to remove polyps from the retained 
rectal segment in the reported cases may not 
have been a factor in the pathogenesis of 
a malignant lesion. 

It should not be concluded from this 
study that all patients similarly managed 
will necessarily respond in an identical man- 
ner, i. e., with spontaneous regression of the 
rectal adenomas, A summary of the long- 
term follow-up in a group of patients with 
diffuse polyposis treated with fulguration 
and surgical excision of the rectal adenomas 
suggests a wide range of individual varia- 
tion in the recurrence rate of rectal polyps. 
Nevertheless, we are impressed by the fact 
that in a study by Hubbard only 6 of 17 
patients developed recurrent rectal adeno- 
mas, and 1 of these has been free since 
1941 (Rankin and Webb). 


Dukes ® in a recent publication makes the 
statement that “even in patients who may 
have had a large number of polyps in the 
rectum or colon before operation, the num- 
ber of new polyps arising in the rectal 
segment after ileorectal anastomosis seems 
to be few.” 


These reports in the past suggest that the 
predilection of the rectal mucosa to form 
adenomatous polyps has been modified by 
colectomy and ileoproctostomy so that the 
reconstitution of a relatively normal mucosa 
in the rectal segment has not been effected 
solely by surgical excision and fulguration. 
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Summary 


Two male patients with diffuse polyposis 
of the colon and rectum exhibited sponta- 
neous regression of the rectal adenomas 
following total colectomy and _ ileoproctos- 
tomy. 

The adenomas, in the retained rectum, 
nearest the anastomoses were the first to 
regress and those nearest the anal orifice 
the last. 

There is a diminution in the number 
of Feulgen-positive cytoplasmic inclusion 
bodies in the regressing polyps and a sug- 
gestion that nuclear deoxyribonucleic acid 
is decreased. 

Inflammation and necrosis do not appear 
to be the mechanism responsible for the 
regression. 

Histological and other cytochemical com- 
parative studies made between preoperative 
adenomas and regressing adenomas yielded 
equivocal results. 

Possible etiological factors are discussed. 

We wish to express appreciation to Drs. 
Leuchtenberger, Koletsky, and Reagan from the 
Department of Pathology for their help in re- 
viewing the histological and cytological material 
in this study, and to Miss Anne McKalen for her 
technical assistance. Particular appreciation to Dr. 
John Reed for his assistance in this study. 

This work was supported in part by U.S. Public 
Health Grant, RG-4268. 
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Familial Intestinal Polyposis 


ANGUS D. McLACHLIN, M.D., London, Ontario, Canada 


Familial intestinal polyposis is a heredi- 
tary disease complex with a predilection to 
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From the Department of Surgery, University of 
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cancer of the colon or rectum at an early 
age. Saint ' made a clear distinction between 
this familial group, in which the polyps are 
adenomatous, and another group on the 
basis of glandular hyperplasia produced by 
inflammation or some form of local irrita- 
tion. 


Fig. 1—Malignant 
changes in a polyp in 
familial intestinal polypo- 
sis. 
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The familial group has been studied 
intensively by Lockhart-Mummery,? Lock- 
hart-Mummery and Dukes,’ and Dukes,‘ at 
St. Mark’s Hospital in London, England. 
They believe the disease due to a gene muta- 
tion capable of producing an excessive 
proliferation of the glandular epithelium in 
the mucous membrane of the colon and 
rectum. It is not congenital but appears 
usually after 10 years of age. The polyps 
increase in number and size and may cause 
a blood-stained mucous diarrhea along with 
weight loss and anemia. The same mutation 
that produced the polyps can, as a further 
stage, result in malignant changes in one or 
more polyps. This occurs in a very high 
proportion of those affected, and the cancer 
appears at a much earlier average age than 
in the general population. 

The gene mutation is usually transmitted 
as a Mendelian positive likely to appear in 
every generation. If recessive, it will be- 
come evident only when both parents carry 
the abnormal gene. This may occur only 


after several generations and the hereditary 
factor be missed. Dukes * believes that, since 
solitary and obviously familial cases of 
multiple polyposis show the same changes 
in the same time sequence, they are one and 
the same disease and should have similar 


treatment. 


The probability that patients with familial 
intestinal polyposis will die of cancer of 
the rectum or colon at an early age suggests 
removal of the diseased bowel preferably 
before malignant changes have occurred. 
Most surgeons including Coleman and 
Eckert ® and McCorriston® believe that in 
cooperative patients colectomy and ileoproc- 
tostomy will usually permit control of the 
polyps left in the rectum by fulguration. A 
lifetime follow-up is necessary to remove 
polyps as they appear and permit early 
resection if cancer develops. Extreme in- 
volvement of the rectal mucous membrane 
or an uncooperative patient may be indica- 
tions for complete removal of the lower 
intestinal tube from the ileum to the anus 
with an ileostomy. 
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Our series opened in 1952, when an at- 
tentive resident staff found intestinal polypo- 
sis of very marked degree in the rectum and 
colon of a 26-year-old man admitted from 
the local jail with a fracture of the patella. 
The rectum was heavily involved, and his 
previous record made it most unlikely that 
he could be kept under long-term observa- 
tion. Colectomy and abdominal perineal 
excision of the rectum was done in two 
stages with establishment of an ileostomy. 
In the same year a 22-year-old man re- 
quired an emergency transverse colostomy 
for an obstructing lesion in the descending 
colon. When the colostomy was opened, 
numerous polyps were seen and it became 
evident that this was another patient with 
intestinal polyposis, this time with car- 
cinoma, At second operation, the carcinoma 
had penetrated the full thickness of the 
intestinal wall with local peritoneal implants. 
With this poor prospect of long-term sur- 
vival, the colon was removed along with 
the colostomy and the terminal ileum joined 
end to end to the rectal stump, Each patient 
made a good recovery. The ileostomy func- 
tioned well but was overshadowed by the 
ileoproctostomy. This second patient made 
a speedy return to normal bowel habit and 
full activity. The blood-stained mucous diar- 
rhea which had been bothersome before the 
obstruction cleared away. He succumbed to 
widespread intra-abdominal metastases three 
years after operation but was so well in the 
first 18 months that he impressed the re- 
mainder of the family group very strongly. 

The family background of these patients 
revealed that, though unknown one to the 
other, they were first cousins. The father of 
the second patient proved our best source 
of information. His wife had died of cancer 
of the colon when aged 30 years, leaving 
eight small children. These children were 
placed with relatives and friends, and con- 
tact was almost lost. With further search, 
the family history shown in Figure 2 un- 
folded, and we were able to examine all 10 
descendants likely to be carrying the 
dominant gene of familial intestinal polypo- 
sis. 
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FAMILIAL INTESTINAL POLYPOSIS 


Age 52 — 60 


23 Children 


Advanced 
cancer 


19 
early 
cancer 


Died 25 Yrs. 


Fig. 2. 


Family with familial intestinal polyposis. White rectangle indicates member free 


of polyps; black and white rectangle indicates that member had total colectomy; black rectangle 


indicates that member died of cancer. 


Nine of the ten showed multiple polyps 
throughout the large intestine to sigmoido- 
scopic examination, biopsy, and air contrast 
enemas. Involvement of seven of eight 
siblings seemed very bad luck in the genetic 
gamble and, in addition, a marked degree of 
penetrance of the dominant gene. Absence 
of polyps in one sibling aged 30 years and 
in the male parent who was then 55 years 
made it unlikely that the mother had carried 
double dominant genes or that both parents 
had been affected. 

Of the seven further cases in this group, 
the oldest, a woman of 25 years already 
suffered from diarrhea with loss of blood 
and mucus. The rectum was heavily in- 
volved, but, influenced by the excellent 
result in .her brother with the functioning 
rectal stump, she was adamant against 
ileostomy. Recovery was uneventful after 
colectomy and ileoproctostomy. Two polyps 
showed malignant changes. 

With these malignancies at 22 and 25 
years, and the early deaths in the previous 
generation, the remaining six patients were 
carried on to colectomy and ileoproctostomy. 
One male, aged 19 years, had a single 
malignant polyp. The remainder were free 
of malignancy. The group of nine in one 
family have now been followed for over 
five years. 

McLachlin 


Three other patients with multiple polyps 
of the large bowel have been treated since 
that time. 

Case 10.—A man aged 43 years with a strong 
family background of intestinal polyposis had suf- 
fered from an increasing bloody mucous diarrhea 
along with anemia and weight loss for about three 
years. Total colectomy and ileoproctostomy, Aug 
11, 1955, revealed no malignancy, and the result to 
date has been excellent. 

Case 11—A man of 41 years with no family 
history of large bowel malignancy showed a carci- 
noma of the mid sigmoid colon with polyps 
throughout the colon rectum. Widespread 
distribution of the polyps and cancer at an early 
age suggested that this was a variant of familial 
intestinal polyposis. Colectomy and ileoproctostomy 
on July 31, 1956, permitted removal of a localized 
carcinoma. He has remained well. 

Case 12—A woman aged 30 years with a 
family background of cancer of the colon or rectum 
developed an obstructing carcinoma in the lower 
sigmoid colon after five years of increasing bloody 
diarrhea. An initial transverse colostomy was fol- 
lowed by colectomy and ileoproctostomy, Sept. 1, 
1956. Local lymph glands were involved. She is 
still well, but the final result is uncertain. 


and 


Comment 


Our prime interest has been the family 
shown in Figure 2. Following the pattern 


of the first patient with an_ ileorectal 
anastomosis, no fulguration has been done 
prior to operation. At time of anastomosis, 
polyps that might be turned in at the suture 
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line were removed under direct vision. 
Fulguration in one or two stages was carried 
out within a few weeks after operation. 
Supervised first by the father and then by 
the oldest son, the group have been very 
faithful in returning for examination every 
six months. A monitor in the family seems 
the best means of insuring follow-up. 

The task has become progressively easier 
with a distinct impression that the tendency 
to polyp formation is lessening. This was 
particularly noticeable in the patient with 
extensive carcinoma at time of operation. 
The polyps were fulgurated on a single 
occasion, yet at postmortem examination 
three years later there were only a few small 
polyps in the rectal remnant. Case 12 
escaped early follow-up and had no fulgura- 
tion until seen for the first time over two 
years after operation. A few tiny polyps 
remained. 

Terminal ileum removed varied in length 
from 6 to 25 cm. with an average of 17 cm. 
The rectum with one exception was divided 
below the rectosigmoid junction, preserving 
the superior hemorrhoidal artery. In Case 
12, with carcinoma in the lower sigmoid 
colon and palpably involved lymph glands, 
the inferior mesenteric artery was divided 
at its origin and the rectum sectioned at 
the peritoneal reflection. Within these limits 
there seemed no relation between the amount 
of ileum and rectum removed and the num- 
ber of bowel movements per day. The 
anastomoses were end to end. 


All had normal bowel control with an 
average of two or three semiformed stools 
each day. While more prone to transient 
diarrhea than the average, none felt they 
had a disability in bowel function. Case 10 
had crampy abdominal pain and diarrhea 
for three weeks after operation. Con- 
valescence was otherwise surprisingly easy. 

One patient had a postoperative thrombo- 
phlebitis with slight residual swelling in one 
leg. Another required division of a band 
producing small bowel obstruction two years 
after the colectomy. A third patient has a 
malignant melanoma with wide extension 
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and is now in a terminal stage. This 
tendency of patients with familial intestinal 
polyposis to develop other tumors is re- 
ported by Laberge, Sauer, and Mayo.’ The 
one death was from metastatic disease three 
years after operation and is described above. 
The remainder are well. 

The family shown in Figure 2 are now 
well united against their unfortunate afflic- 
tion. The individuals seem more concerned 
with the welfare of the family and partic- 
ularly of their children than with any 
personal danger. As the years pass and 
they see that colectomy and ileoproctostomy 
are compatible with good health, they have 
become more confident of the future. They 
accept that some of the children will be 
involved and are content to wait until they 
are 10 years old before sigmoidoscopic ex- 
amination is done. Their own experience is 
assurance that, even if a child is unlucky 
in its genetic inheritance, it can have a good 
chance of health and life. 


Summary 


Eleven clear examples of familial intesti- 
nal polyposis and a twelfth probable case 
are presented. Nine are in one family and 
have been followed for over five years. 

Frank carcinoma in patients aged 22, 30, 
and 41 years and malignant changes in 
polyps at age 19 and 25 years are testimony 
of the strong tendency of this disease to 
cancer of the colon or rectum at an early 
age. 

Eleven have had colectomy and ileoproc- 
tostomy and a single case total colectomy 
and abdominal perineal excision of the 
rectum with a permanent ileostomy. 

The functional results in the ileoproctos- 
tomies are excellent. There is a strong sug- 
gestion that polyp formation lessens and 
there may even be regression in polyps that 
have appeared. 

Total colectomy and ileoproctostomy with 
fulguration and long-term follow-up of the 
polyps in the rectal stump offer safety and 
normal existence to sufferers from familial 
intestinal polyposis. 
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DISCUSSION 


On Papers By Drs. Cote AND HOLDEN AND BY 
Dr. McLAcHLIN 

Dr. Rupert B. TurNBuLt Jr. Cleveland: This 

work and the observations by Drs. Cole and 


Holden have tremendous significance. Also the 
conclusions drawn by Dr. McLachlin. 

This is a real observation. Colectomy and ileo- 
rectal anastomosis in familial polyposis results in 
atrophy and disappearance of the polyps in a 
certain percentage of these patients. We do not 
know what this percentage is, but disappearance 
of the polyps is so real that at the present time 
our surgical attack in this disease may be directed 
toward a one-stage colectomy with  ileorectal 
anastomosis rather than sacrificing the rectum be- 
cause the polyps appear to be too numerous, 

About a year and a half ago a brother and 
sister, aged 26 and 28, with familial polyposis 
presented themselves for surgery. The rectums 
were filled with so many polyps, they were un- 
countable. On successive days) we carried out 
colectomy and low ileorectal anastomosis in each. 
I did not treat the rectal polyps, but asked the 
patients to return in six months for further evalua- 
tion of the rectum. 

They lived in the hill country of West Virginia, 
and I did not see them for nine months. When 
they returned the young lady had no polyps at all, 
and the young man has as many as he had had on 
the original admission. So, here we are, with 
brother and sister, with polyps disappearing in one 
and not in the other. 

It is apparent that the colon wields some in- 
fluence over the health and maintenance of the 


McLachlin 


polyps of the rectum in familial polyposis. Let me 
cite an example. Twelve years ago the late Dr. 
Tom Jones operated upon a boy with familial 
polyposis. He had partial co‘sctomy and ileo- 
sigmoidal anastomosis about “| in. above the anus. 
Every time I have seen him in the past 10 years 
he has had so many polyps in the rectum that I 
have put him in the hospital and coagulated all that 
I could, but the anastomosis could never be seen. 
Each time he returned there were just as many 
polyps present as there had been the time before. 
Believing that the residual sigmoid colon might 
be responsible for the persistent polyps, I went 
ahead and removed it, making ileorectal anastomosis 
about 4 in. from the anus. Within six months this 
man’s polyps regressed and disappeared completely 
except for one or two just above the dentate line. 

With these few observations, I think we might 
alter our surgical attack on familial polyposis. One 
could plan to go ahead with a primary colectomy 
and ileorectal anastomosis, observing the rectum 
from time to time for a period of six to nine 
months. By leaving all of the ileum in these pa- 
tients, we might have a more normal bowel func- 
tion. 

I wish to thank Dr. Cole and Dr. Holden for 
asking me to discuss their paper. 

Dr. Fraser N. Gurp, Montreal: I would like 
to ask the authors of the last two papers, which I 
have enjoyed very much, what their feelings are 
about what seems to me to be an even more im- 
portant problem than true familial polyposis. I 
refer to the problem of the patient with many 
colonic polyps, but not true polyposis. This is the 
type of case which is found to have 5 or 10 or 
50 polyps, but not thousands. 


Sometimes the presence of multiple polyps is 
undetermined until the time of resection for an 
established carcinoma. This may render it ad- 
visable to convert a projected hemicolectomy into 
a subtotal colectomy to ensure against the de- 
velopment of new foci of invasive cancer in the 
future. Certainly subtotal colectomy is just as 
legitimate an operation for many cases with 
several scattered polyps as for the true familial 
type which Dr. McLachlin has described. 

We have seen how important it is to study all 
members of families with a definite Mendelian 
dominant gene. The question which I would like 
to ask is this: How far should we go in studying 
the members of a family in which one member 
has presented with 5 or 50 polyps in his or her 
colon? This disease is not due to a dominant gene; 
yet it does seem to run in families, and it is far 
commoner than true familial polyposis. What 
extent of polyp formation, how many, in what age 
group, can be properly considered to constitute a 
danger to other members of the family? Can 
anyone answer that question? 
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Dr. Jack W. Cote, Cleveland: In closing, I 
wish to thank Dr. Turnbull and Dr. Gurd for their 
comments. 

I would like to emphasize a point that Dr. 
Turnbull raised regarding the possible effect of 
ileal contents on these adenomas. We are impressed 
with this as a distinct possibility in accounting for 
the disappearance of these adenomas. 

The evidence as we see it is simply this: First 
of all, both of these patients had very few polyps 
in the cecum. Secondly, we are all acquainted with 
the infrequency with which polyps occur in the 
smaller intestine. Thirdly, the first adenomas to 
disappear were near the anastomosis where the 
ileal fluid and its contents would be in the highest 
concentration. 

Whether or not there is an enzyme, whether or 
not it is the altered bacterial flora, or perhaps 
simply the liquid consistency, all of these facts I 
think should come under investigation. 

The other point Dr. Turnbull made is very well 
taken, and I think it behooves us to continue to 
search for differences in these individuals. I think 
the patient who does not respond, such as the 
brother-sister combination mentioned today, may be 
as informative, to the careful observer, in trying 
to solve this vexing problem as those patients in 
which the adenomas do disappear. 

A final word about Dr. Gurd’s question. I think 
the evidence is mounting, that the adenomas that 


we have generally referred to as a “garden variety 
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type,” be they multiple or single, do tend to occur 
in families. In answer to your question, Dr. Gurd, 
I believe I would be inclined to seek them out. 


I think you have to exercise a good deal of care 
and judgment in doing so, because you might be 
setting a brush fire which you can’t control in the 
way of anxieties and apprehensions. At University 
Hospital we have been inclined toward a more 
radical approach in the treatment of adenomatous 
polyps of the colon than the general surgical popu- 
lation, I believe, and we have no reason as yet 
to change our mind on that particular point. 

Dr. Ancus D. McLacuirn, London, Ontario, 
Canada: A monitor in the family group seems the 
solution in bringing suspect cases to early examina- 
tion and making sure that those with polyposis 
return for follow up. 

The patient with familial polyposis has a prime 
fear for the other members of his family and 
especially for his children, His own safety is 
usually secondary to this. The group described 
above are now content that their children, even if 
affected, will be able to live a normal life after 
colectomy and ileorectostomy. There are 11 chil- 
dren in the fourth generation, all under 10 years 
of age. After finding one of the residents sig- 
moidoscoping a 3-month-old infant, we decided that 
the children should come for examination when 
aged 10 years. This family have accepted this and 
I have no doubt that we shall see them. 


- 
le 
| 
2 
| 
A 
54/398 
hs 
4 
4 


Treatment of Carcinoma of the Tongue 


End-Results in One Hundred Sixty-Eight Cases 


OLIVER H. BEAHRS, M.D.; KENNETH D. DEVINE, M.D., and STANLEY W. HENSON Jr., M.D., 


Rochester, Minn. 


Radical dissection of the neck as part of 
the definitive treatment of malignant lesions 
about the head and neck was first advocated 
by George Crile Sr.4? Previously, many 
surgeons reported the removal of cervical 
lymph nodes in the course of operations for 
carcinoma of the oral cavity, but none saw 
so clearly as he did the importance of 
removing completely the cervical lymphat- 
ics. Crile had the foresight to interpret 
accurately the data available to him and to 
present a planned procedure comparable 
to those attributed to Halsted and Miles, 
which were designed to remove the regional 
lymphatics along with the primary lesion. 
He advocated combined procedures that 
removed the floor of the mouth and tongue 
in combination with dissection of the neck. 
He proposed and practiced excision of the 
sternocleidomastoid and omohyoid muscles, 
the internal jugular vein, and all the areolar 
and lymphatic tissues of the neck. His 
operation, with certain modifications, is 
similar in every respect to those used most 
widely today. 

Because of the high mortality rate and 
the problems involved with anesthesia, in- 
fection, and fistula formation, the method 
of treatment advocated by Crile gave way 
to treatment of intraoral malignant lesions 
by the radiologist, who could treat them 
without operation but whose results left 
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much to be desired. In recent years Martin 
and associates,*® and have re- 
applied the principles outlined by Crile and 
have met with more success in the surgical 
treatment of these lesions because of the 
availability today of surgical aids, such as 
intratracheal anesthesia, antibiotic therapy, 
and blood transfusion. 

During this second era of surgical treat- 
ment a large degree of orderliness has 
gradually evolved in the management of 
lesions of the tongue and elsewhere in the 
oral cavity and larynx. With this develop- 
ment the prognosis for patients with these 
lesions has improved. Early in this period 
the management of the primary and second- 
ary lesions was considered separately, the 
cervical nodes being treated sometimes be- 
fore the primary lesion and sometimes 
afterward. The primary lesion was treated 
by radiation or operation or by a combina- 
tion of the two. The metastatic lesion or 
lesions were treated by modified or radical 
dissection of the neck or by interstitial or 
external radiation. Today the primary le- 
sion and the metastatic lesions in the cer- 
vical region are considered as one. Most 
lesions of the tongue are removed by wide 
excision or hemiglossectomy, and _ radical 
dissection of the neck is done at the same 
time. In some instances, however, in the 
absence of clinically evident metastasis to 
the lymph nodes, the neck is merely ob- 
served. Radiation therapy is reserved for 
lesions that are not surgically removable. 

The management of carcinoma of the 
tongue has undergone, in part, this evolu- 
tion at the Mayo Clinic. To evaluate our 
present position, we carefully reviewed all 
cases of squamous carcinoma of the tongue 


55/399 


| 
f 
; 
hoe 
: 
: 
' 
é 
| 
ea 
i 
| 
| 
i 
| 
; 
: 
: 
| 
| 


secn in the period 1950 through 1953 and 
determined the five-year survival rates. 
Factors that influence prognosis were stud- 
ied. We considered whether or not dissec- 
tion of the neck should be a part of the 
definitive treatment. Information obtained 
in a separate review of 472 patients seen 
in the period 1939 through 1952 has in- 
fluenced our management in cases encoun- 
tered since that time, and some of these 
factors will be discussed. In 1953, 35 
patients were seen, making a total of 507 
patients seen in the years 1939 through 
1953. In order to have a sufficient number 
of patients for follow-up information on 
survival, the 168 seen in the years 1950 
through 1953 were used for that purpose. 

In the group of patients seen in the years 
1939 through 1952, 217 dissections of the 
neck were done, 103 of these being radical 
and 114 being suprahyoid or modified dis- 
sections. In 91 instances (41.9%) metas- 
tasis to the lymph nodes was found on 
histologic examination. The incidence of 
error in clinical interpretation is shown in 
Table 1. Thus, metastasis to the cervical 
lymph nodes was found in 25.3% of the 
cases in which it was not evident on clinical 
examination. Because of the incidence 
(41.9%) of metastasis to the nodes that 
was found when dissection of the neck was 
done and the high incidence of error in 
clinical interpretation of absence of metas- 
tasis to the nodes, dissection of the neck 
has been considered more frequently in 
recent years as part of the definitive treat- 
ment at the time the primary lesion is 
operated on. Contralateral metastasis was 


TABLE 1.—Carcinoma of Tongue in 217 Patients 
Treated by Dissection of Neck: Error in 
Clinical Interpretation of Cervical 


Metastasis 
Histologic Error in 
Metastasis Clinical 
Cervical Total Interpretation, 
Nodes Patients Yes No % 
Clinically 
not involved 154 39 115 25.3 
Clinically 
involved 63 52 ll 17.5 
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TaBLe 2—Carcinoma of Tongue in 217 Patients 
Treated by Dissection of Neck: Incidence 
of Metastasis by Side 


Side Involved Cases Per Cent 


Homolateral ..........-. 85 39.2 
6 2.8 
Bilateral _-_...--. 2° 0.9 


* Included in both preceding groups (91 cases in all). 


seen in only six cases, and bilateral metas- 
tasis in two (Table 2); thus, the incidence 
of these has not warranted radical dissec- 
tion of the neck on the side opposite the 
lesion in the absence of clinical evidence 
of involved nodes. The upper deep jugular 
nodes on the side of the lesion were affected 
in 69 instances, the submaxillary nodes in 
28, the middle deep jugular nodes in 8, and 
the lower deep jugular nodes in 7. Be- 
cause of the frequency of involvement of 
the jugular chain of nodes, dissection of the 
neck should be radical; a procedure less 
than radical would be inadequate in many 
instances and would increase the difficulty 
of subsequent surgical treatment if it be- 
came necessary. 

The primary lesion recurred in 25% of 
the cases in which the neck was dissected, 
and in 27% the recurrences developed in 
the neck, mostly in patients having had less 
than radical dissection. These high recur- 
rence rates further emphasize the necessity 
of more adequate removal of both primary 
and secondary lesions. 

The survival rate for patients who under- 
went procedures that were less extensive 
than radical dissection of the neck was 
38.6% (44 of 114). When nodes removed 
by radical dissection were positive for me- 
tastasis the survival rate was 9.2% (7 of 
76), and when they were negative it was 
33.3% (9 of 27). Eleven patients died 
in the hospital, for a mortality rate of 5.1%. 

Of the 168 patients seen in the years 
1950 through 1953, 124 were male and 44 
were female. Of these patients, 157 have 
been traced for a period of five years or 
longer; 11 were untraced. Seventy-three 
patients had undergone dissection of the 
neck as part of the definitive treatment. 


Vol. 79, Sept., 1959 


= 
| 
| 
| 
| 
{ 
; 
| 
ae 
| 
/| 
4 


TONGUE CARCINOMA—TREATMENT 


The primary lesion was treated by diather- 
my and electrocoagulation or by wide exci- 
sion or hemiglossectomy, except in 25 
instances in which interstitial radiation 
therapy was used. In most instances, dis- 
section of the neck was done as part of a 
combined operation at the time of treatment 
of the primary lesion. 


Of the 168 patients 6 died in the hospital, 


for a mortality rate of 3.6%. Two deaths 
were the result of massive pulmonary em- 
bolism, one of cardiac failure, one of aspi- 
ration pneumonia, and two of laryngeal 
edema. In more recent years, prophylactic 
anticoagulant therapy has been used in all 
cases, and since this therapy was started 
we have had no further trouble from pul- 
monary emboli and only an infrequent case 
of thrombophlebitis. Tracheotomy is now 


TABLE 3.—Carcinoma of Tongue, 1950-1953, 
Inclusive: Survival Rate According to 
Grade of Lesion 


Lived 5 Years or More 


Traced 
Patients No. % 


80.0 
56.4 
22.6 

8.3 


Total 40.1 


used in all cases in which a combined op- 
eration on the mouth and neck is done and 
in many cases in which only the primary 


lesion is treated. This has reduced the 
hazard of airway obstruction, which was a 
factor in two of the deaths. 

Of the 157 traced patients, 63 were liv- 
ing five years after definitive treatment, 
for a survival rate of 40.1% (Table 3). 
Fight of the surviving patients required 
secondary treatment for the primary lesion 
and five had further treatment of the neck 
after dissection. 

In round numbers, 50% of the lesions 
were of Grade 2 (Broders’ classification), 
40% of Grade 3, 7% of Grade 4, and 3% 
of Grade 1. The survival rate by grade of 
lesion is presented in Table 3. As might 
be expected, the prognosis for Grade 1 
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TABLE 4.—Carcinoma of Tongue, 1950-1953. 
Inclusive: Survival Rate According to 
Size and Location of Lesion 


Lived 5 Years 
or Longer 


Traced 
Patients No. % 


Location 
Anterior two-thirds. 87 
Posterior third and base_. 
Size 
Less than 3 
3 cm. or greater... 


lesions is very favorable (five-year survival 
rate of 80.0%), while it is unfavorable for 
Grade 4 lesions (8.3%). Of the patients 
with Grade 2 lesions 56.4% were alive after 
five years, while only 22.6% of those with 
Grade 3 lesions were living. 

The size of the lesion and its location 
on the tongue influence survival rates 
(Table 4). When the tumor was on the 
anterior two-thirds of the tongue the sur- 
vival rate was 50.6%, but when it was 
situated on the posterior one-third or base, 
it was only 27.1%. For patients whose 
lesions were less than 3 cm. in diameter 
the five-year survival rate was 49.4%, 
but for those whose lesions were 3 cm. in 
diameter or greater the survival rate was 
24.1%. 

In cases in which surgical treatment 
alone was used the survival rate was 58.8%, 
while in cases in which radiation was used 
primarily or in which a previous operation 


TABLE 5.—Carcinoma of Tongue, 1950-1953, 
Inclusive: Survival Rate According to Type 
of Treatment and Nodal Involvement 


Lived 5 Years 


Traced 
Patients 
Treatment 
Radiation 
Nodal Involvement 
Nodes: 
Negative... 
72 
157 


* Patients treated by surgical means alone. 

t Includes patient given definitive radiation therapy; biopsy 
or other surgical procedures done in many cases. 

t Positive for metastasis either clinically or histologically. 
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Taste 6.—Carcinoma of Tongue, 1950-1953, 
Inclusive: Survival Rate With and 
Without Dissection of Neck 


Living 5 Years 
or Longer 
Traced —— 
Patients No. % 


Neck dissection: 


Negative. 


had been performed the survival rate was 
only 20.8% (Table 5). The former group 
included patients whose lesion was favor- 
able for treatment, while the latter included 
many whose lesions were considered in- 
operable, whose primary lesion was situated 
on the base of the tongue, or who had 
undergone previous surgical treatment with 
failure. When cervical lymph nodes were 
thought clinically to be metastatically in- 
volved or were found to be so on histologic 
examination the survival rate was only 
16.7%, but when they were not involved 
the survival rate was 60.0% (Table 5). 
Eighty-four patients had no operation on 
the lateral part of the neck; of these, 35.7% 
were alive at the end of five years (Table 6). 
No metastatically involved nodes were 
found in 32 of the 73 cases in which the 
neck was dissected; the survival rate for 
these 32 patients was 68.8%. For the 41 
cases in which there was metastasis to the 
nodes the survival rate was only 26.8%. 
On the whole, our results for the patients 
treated in the years 1950 through 1953 are 
much better than those for patients treated 
prior to this period. Certainly more exten- 
sive surgical measures, simultaneous treat- 
ment of the primary and secondary lesions, 
the addition of hemimandibulectomy to the 
procedure when necessary, and earlier and 
more vigorous treatment of the lesions have 
contributed to this improvement. The prog- 
nosis is good if a carcinoma situated on 
the anterior portion of the tongue is small 
and of low-grade malignancy and if it is 
treated by hemiglossectomy and dissection 
of the neck without the finding of meta- 
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statically involved nodes. Factors, then, 
that influence the prognosis are the location 
and size of the lesion, the grade of malig- 
nancy, and whether or not the disease has 
spread to the regional lymphatics. 


As mentioned, the five-year survival rate 
was 35.7% for patients who did not under- 
go dissection of the neck, while it was 
45.2% for those who did. One of the rea- 
sons that this is true is that some patients 
in the former group had inoperable lesions 
that had to be treated by other means, while 
all patients who underwent dissection of 
the neck had operable lesions. For patients 
with clinical or histologic evidence of me- 
tastasis to the nodes the five-year survival 
rate (16.7%) was lower than for patients 
whose metastatically involved nodes were 
found at dissection of the neck (26.8%). 
The lower percentage in the former group 
is, likewise, explained by the fact that it 
included some cases in which the lesion was 
inoperable and biopsy or dissection of the 
neck was not done. 

The results of this study have made us 
reaffirm our belief that cancer of the tongue 
is best treated by wide excision or hemi- 
glossectomy except for lesions that are 
inoperable or are situated at the base of 
the tongue and are of a high degree of 
malignancy. These may be better treated 
by irradiation. Although we do not rou- 
tinely recommend radical dissection of the 
neck at the time of treatment of the pri- 
mary lesion in all cases of carcinoma of the 
tongue, we favor it in all cases in which 
cervical lymphadenopathy is present and in 
many cases in which there are factors that 
might influence the prognosis. In other 
words, if a lesion is situated on the anterior 
part of the tongue, if it is small (0 to 2 cm. 
in diameter), if it is of Grade 1 or Grade 2 
malignancy, and if there is no lymphade- 
nopathy, then dissectior of the neck usually 
would not be advised. However, if the tu- 
mor is larger and of Grade 2, Grade 3, or 
Grade 4 malignancy, with or without lym- 
phadenopathy, dissection of the neck would 
be considered part of the definitive treat- 
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ment for the lesion and should be done at 
the same time. 

Although the hospital mortality rate was 
3.6% in this series, it should be reducible 
by the use of prophylactic agents, such as 
antibiotics and anticoagulants, and the free 
use of tracheotomy. The morbidity of pa- 
tients operated on is much less than that of 
patients treated by irradiation or electro- 
coagulation. This factor has influenced us 
to use surgical treatment for intraoral le- 
sions whenever possible. 


Summary and Conclusions 


The five-year survival rate was 40.1% 
for 168 patients with carcinoma of the 
tongue seen in the years 1950 through 
1953. Factors that influence prognosis are 
the location and size of the lesion, the grade 
of malignancy, and the presence or absence 
of metastatic lesions in the cervical region. 

The hospital mortality rate was 3.6%. 
This can be reduced by the prophylactic use 
of anticoagulants, the free use of tracheot- 
omy and other aids in surgical treatment, 


and postoperative care. Early and adequate 
treatment by wide excision or hemiglossec- 
tomy and frequent use of radical dissection 
of the neck is recommended. 


Section of Surgery, Mayo Clinic. 
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MAX E. DODDS, M.D., Flint, Mich. 


There are few statements in current 
medical literature that are more obviously 
repetitious than “surgery has nothing to 
offer in carcinoma of the tonsil.” This is 
based on two premises. The first is that 
operative mortality is high, and the second, 
that the involved cervical lymph nodes are 
not accessible to adequate excision. The 
argument has been further advanced by a 
statement that “in the overwhelming ma- 
jority of cases” the cervical nodes associ- 
ated with cancer of the tonsil “react rather 
favorably to radiotherapy.” ! 

The implication has been that anatomic 
and histologic characteristics of the area 
are unique to the extent that any consider- 
ation for surgery is unwarranted. Actually, 
the advances in anesthesia, understanding 
of the significance of nutrition, and the use 
of antibiotics have made possible the ade- 
quate surgical resection of this site of 
cancer with the same opportunities for suc- 
cess as have been experienced with other 
intraoral surgery. Cases can be selected for 
operation using the same criteria as have 
become basic in the treatment of any cancer. 


Review 


Most malignant lesions of the tonsil are 
either lymphosarcoma or carcinoma. The 
latter is further subdivided as to degree of 
cellular differentiation. 

Results of treatment by irradiation have 
been presented in several reports. Martin 
and Sugarbaker* had a five-year survival 
rate of 17%, Parshall and Stenstrom * 
26%, Walker and Schulz? 15%, and a 
recent review by Perzik et al.6 revealed a 
2% five-year survival for malignant lesions 
of the tonsil. 
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Squamous-Cell Carcinoma of the Tonsil 


Appreciably better results have been ob- 
tained with lymphosarcoma alone. Figures 
of 30%,° 34%,? and 40%! have been 
reported after radiotherapy. 


This discrepancy could probably be fur- 
ther emphasized if the results of radiation 
treatment of epidermoid carcinoma alone 
were considered. However, results for the 
differentiated squamous-cell lesions can 
only be inferred, since most authors have 
not separated them from the total group in 
the statistical analysis of their material. 


Virtue ® reported 37 cases, 26 of which 
were well-differentiated squamous-cell car- 
cinoma. Seven of the total were living at 
the time of publication. Five of these had 
started treatment within two years of the 
report, and one had recurrent disease. 
There were two cases living more than five 
years free of disease. 


One of the more complete analysis of 
end-results was given by Walker and 
Schulz* in 1947. Of the 90 cases 87% 
were epidermoid carcinoma. The remainder 
were lymphoepithelioma, 8%; transitional 
cell carcinoma, 3%, and only 2% sarcomas. 
Both supervoltage and high voltage were 
used, and 12 patients also received inter- 
stitial implants. The authors stated that 
lymphoepithelioma responded best to treat- 
ment. Their average survival from onset of 
symptoms was 31 months. Of seven pa- 
tients with epidermoid carcinoma Grade I, 
none lived over 18 months, and control of 
the local disease was poor. All cases with 
epidermoid carcinoma who lived two years 
or more had lesions of Grade IT or III. 
They state that in some, a small primary 
failed to be controlled, while in others a 
large primary of the same histologic grad- 
ing responded more favorably. At the end 
of the first year after treatment 47% had 
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died of disease. As stated previously, of 
those treated more than five years before 
the report, 15% were alive. 

Parshall and Stenstrom® reported 101 
cases in 1953; 72 were squamous-cell carci- 
noma; the remainder were transitional-cell 
carcinoma, 6; undifferentiated-cell carcinoma, 
2; lymphoepithelioma 5, and lymphosarcoma 
13. They also included two cases of leuke- 
mia and one of Hodgkin’s disease. They 
regarded their five-year survival rate of 
26% as one “which compares favorably 
with those for series reported elsewhere.” 
They found that three of five cases (60% ) 
of lymphoepithelioma lived over five years, 
while the figure for lymphosarcoma was 
30%. They also noted that only two cases 
with carcinoma showed distant metastases 
and both of these were to the liver. 

This method of reviewing the literature 
is not done with any intent to discredit 
treatment utilized. There is no comparable 
surgical material reported. However, it 
would seem quite reasonable to conclude 
that the experience with treatment of cancer 
of the tonsil parallels that of similar histo- 
logic lesions of other parts of the body. 
The lymphomas and markedly undifferen- 
tiated cancers radiosensitive, while 
differentiated squamous-cell cancers are 
frequently radioresistant. It is in the latter 
group that surgical consideration becomes 
important. 

Squamous-cell carcinoma is the common- 
est form of malignant tumor of the tonsil, 
the slowest to metastasize, and the least 
radiosensitive. Histologically, the lesion is 
quite similar to squamous-cell carcinoma 
elsewhere in the oral cavity. 


Description 


The mucous membrane that covers the 
medial one-third of the tonsil also lines the 
crypts, which are 10 to 20 in number and 
some of which pass completely through the 
tonsil to end blindly on the capsule of the 
lateral surface. The palatine tonsil is lo- 
cated in the area between the glossopharyn- 
geal and palatopharyngeal pillars. The 
crypts tend to be larger at the superior 


Dodds 


pole, and this area is usually considered 
the commoner site of origin for cancer. 


In addition to the primary site, the 
adjacent tissues and the drainage bed are 
important. A basic tenet in the treatment 
of any cancer, whether by surgery or radio- 
therapy, is destruction of the primary can- 
cer with an adjacent margin plus ablation 
of the lymphatic drainage system. Actually, 
if it is characteristic for a given cancer to 
disseminate via the blood stream, present 
methods of treatment are relatively inef- 
fectual. If the progression of the disease 
is from the primary to the lymphatic sys- 
tem, the so-called en bloc resections have 
theoretic significance. 


The adjacent tissue of importance is* the 
musculature of the pharynx. Segments of 
the several muscle groups are involved, the 
extent depending upon the degree of inva- 
sion of the cancer. The tonsil is in closest 
contact with the palatal group of pharyn- 
geal muscles. The pterygomandibular 
raphe is formed by junction of the bucci- 
nator, the superior constrictor, and the 
palatopharyngeus muscles. The palatopha- 
ryngeus is attached to the upper anterior 
edge of the raphe, and as the fibers pass 
downward they fuse with the stylopharyn- 
geus and then insert along the posterior 
edge of the thyroid cartilage. A vertical 
concave space is formed which narrows as 
a funnel and the upper expanded area re- 
ceives the main body of the tonsil. A small 
part of the palatopharyngeus passes back- 
ward and then mesial to attach to the pos- 
terior border of the expanded tendon of 
the tensor palati, which forms the aponeu- 
rosis of the soft palate. The palatoglossus 
muscle arises at the. midline of the soft 
palate at the uvula and passes outward and 
downward to insert in the tongue. With its 
covering mucosa it forms the 
pillar. 


The pterygoid muscle arises 
from the external pterygoid plate and fossa, 
runs downward and backward to insert on 
the medial side of the angle and ramus of 
the mandible as far up as the dental fora- 


anterior 


internal 
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men. As this muscle becomes involved with 
infection and tumor, trismus becomes a 
prominent symptom. One band of the ex- 
ternal pterygoid arises from the infratem- 
poral surface of the great wing of the 
sphenoid, the other band from the outer 
surface of the lateral pterygoid plate, and 
both converge to insert on the neck of the 
mandible and the interarticular disc of the 
temporomandibular joint. 


In using the external approach for radi- 
cal resection of the tonsil, there should be 
no great risk to the internal carotid artery. 
It usually takes quite a straight course to 
enter the carotid canal and passes lateral 
to the anterior arch of the atlas. 
and, although it occasionally 
angulates toward the tonsillar fossa, it is 
easily preserved. 


It has no 
branches, 


Venous drainage is via the pharyngeal 
and pterygoid plexuses, which have surgi- 
cal significance only in the technical control 
of bleeding. They terminate in the jugular 
veins. Blood-borne distant metastasis is not 
a common finding in this disease. 

There is no apparent validity to the 
concept of afferent lymphatic drainage to 
the tonsil. Furthermore, there has been no 
significant contradiction to Wood's descrip- 
tion of the lymphatic drainage of the tonsil 
of 1920. Four to six lymphatic trunks are 
generally described which pass through the 
lateral pharyngeal wall and end first in the 
subdigastric node anterior to the jugular 
chain. It is frequently called the “tonsil 
gland of Wood.” 

There is a surprising delay in diagnosis 
and treatment of many of these cases. 
Much of this problem relates to the fact 
that the earliest symptoms elicited from 
these patients seem rather vague or trivial. 
They describe long-standing mild discom- 
fort or the sense of a foreign body. At this 
stage there may be only induration of the 
tonsil without ulceration. As the mucosa 
breaks down, surface invasion tends to be 
toward the anterior pillar and the supra- 
tonsillar fossa. Posterior pillar invasion is 
much less common." 
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Operation 


It should be needless to state that simple 
excision of the tonsil is not a consideration. 


The steps of the operative procedure are 
essentially those of the composite operations 
previously described and used for dissection 
of the neck in continuity with resection of 
intraoral primary cancer.‘ Double in- 
cisions are used in the neck with reflection 
of the medial flap to the midline, the lateral 
to the anterior margin of the trapezius 
muscle, the inferior to the clavicle, and the 
superior flap to the mandible. The neck 
specimen contains the omohyoid and sterno- 
cleidomastoid muscles, the internal jugular 
vein, the spinal accessory nerve, and the 
node-bearing tissue of both the anterior 
and posterior triangles. There is no need 
to take strap muscles, and one must not 
hazard either the vagus or superior laryn- 
geal nerves. The digastric muscle remains, 
and occasionally one of its bellies is useful 
in closure. 


There is no particular value in prophy- 
lactic ligation of the external carotid artery, 
but it may be sacrificed if regional node in- 
volvement indicates. The lower lip is split 
in the midline and the cheek flap reflected 
from the lateral surface of the mandible. 
As the gingivobuccal mucosa is incised the 
region of the primary comes under direct 
observation and the extent of the intraoral 
resection becomes evident. 


The point of division of the horizontal 
ramus of the mandible is chosen with a 
view to adequate block excision of the 
cancer-bearing tissue and also to eliminate 
the bony strut that would interfere with 
suture of soft tissue to back up the mucosal 
closure. The condyloid process is disartic- 
ulated and the coronoid is either disarticu- 
lated or the ramus divided just below the 
insertion of the temporal muscle. Incisions 
are then made through the base of the 
tongue and normal pharyngeal mucosa, 
circumscribing the cancer and extending to 
include a block excision of the above de- 
scribed lateral pharyngeal musculature. Mi- 
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. 1—Completed neck dissection. 


croscopic examination of frozen sections 
to check for completeness of excision is 
helpful at this point in the operation 
(Fig. 1). 

The mucosal then sutured 
the tongue is 


used, and on occasion additional freedom 


defect is 


closed. The cut margin of 
of the posterior pharyngeal wall can be 
accomplished by dissecting it bluntly from 
the prevertebral fascia. A nasogastric feed- 
ing tube is inserted before the mucosal 
closure is complete. The repair is strength- 
ened by available musculature, which is 
usually represented by the tongue and mas- 
seter muscle. A tracheotomy is done, and 
T-tube suction is maintained which facili- 
tates early “sticking” of the flaps and 
obviates the need for bulky, tight dressings. 


We have used essentially the same opera- 
tion for lesions of the anterior pillar and of 
the lateral base of tongue. 


Dodds 


4 


Fig. 2.—Neck specimen still attached to the angle 
of the mandible. Level of division of the horizontal 
ramus of the mandible indicated by Gigli saw. 


Report of Cases 


Case 1.—-A 47-year-old white man admitted to 
Hurley Hospital, Nov. 16, 1955, for acute alco- 
holism. 

He required rather heroic medical management, 
including cortisone, antibiotics, vitamin therapy, 
and supportive infusions. On routine physical ex- 
amination a 3 cm. lesion was noted in the left 
tonsillar fossa which involved the anterior pillar 
and extended to the lateral base of the tongue. 
There was no palpable cervical adenopathy. 

He had complained of sore throat one year 
previously and had been treated with penicillin and 
saline gargles for one month. The tonsil was then 
biopsied, and he received 20 x-ray treatments over 
a period of about six weeks. The treatment factors 
could not be obtained. 

He was discharged from the Psychiatric and 
Medical Departments of Hurley Hospital Dec. 9, 
1955, after 23 days’ hospitalization. He was read- 
mitted to the Surgical Service Dec. 29, 1955, and 
five days later the combined resection was done. 
During the 4 hour and 35 minute procedure, 1,000 
cc. of blood was transfused. He was ambulated 
upon recovery from anesthesia, was tube fed for 
seven days and then placed on soft foods without 
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Figure 3 
Fig. 3.—Mandible has been divided and right 
base of tongue incised. Endotracheal tube and 


difficulty. He was discharged his 13th postopera- 
tive day. Microscopic examination of the tissue 
revealed “epidermoid carcinoma” and 1 node of 
the 22 examined showed metastasis. 


He returned to work and was gainfully em- 
ployed for 11 months. His family and friends 
were just gaining confidence in his reformation 
when he succumbed to his béte noire and was hos- 
pitalized in a comatose state and soon died. At 
autopsy he was free of cancer, without evidence 
of either local recurrence or distant spread. 

Case 2.—A 51-year-old white man admitted to 
Hurley Hospital, Oct. 7, 1956. 


This patient had a six-year history of cirrhosis 
of the liver with previous episodes of gastro- 
intestinal bleeding, which had never been severe 
and had subsided promptly when he was hospital- 
ized and given supportive care, The cirrhosis was 
apparently associated with a long history of ex- 
cessive alcohol intake. There was no evidence of 
hypersplenism, but the total serum protein was 
7 gm. % and albumin 2.5 gm. %. Bilirubin was 
not elevated on this admission but had been pre- 
viously. Cephalin flocculation was 2+ and 3+ 
at 24 and 48 hours. Other blood chemistry deter- 
minations were not remarkable. 
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Figure 4 
pharyngeal packing can be seen at left base of 
tongue. 
Fig. 4 (Case 2).—Postoperative view of patient. 


A coincidental 2 cm. superficially ulcerated le- 
sion was noted at the upper pole of the left tonsil 
when the patient complained of a mild sore throat. 
Biopsy proved the lesion to be squamous-cell car- 
cinoma. There were no palpable nodes in the 
neck. 


Oct. 20, 1956, a radical combined resection was 
done without event. The operation required four 
hours to complete, and the patient received 1,000 
cc. of whole blood. Frozen sections of the margins 
of resection in the oropharynx were free of 
cancer. The primary lesion was “well-differentiated 
squamous-cell carcinoma.” Thirty-one lymph 
nodes in the neck specimen were examined, and 
none contained metastases. 


This patient is working regularly, striving man- 
fully to cooperate in group therapy and is still free 
of cancer. 


Case 3.—A 59-year-old white man admitted to 
Hurley Hospital, April 12, 1957. 

He had been conscious of a “sticking” sensation 
and soreness in his throat in July, 1956. His family 
physician treated him with penicillin and throat 
gargles for one month. He was then examined by 
an ENT specialist who noted an area in the right 
tonsil that appeared inflammatory. The base of 
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the tonsil was incised for drainage and a segment 
of the tonsil taken for biopsy. X-ray therapy was 
started and he received a total of 4,927 r in six 
weeks. An additional 1,500 r was given in March, 
1957. 

At the time of admission to the hospital (nine 
months after onset of symptoms) he was unable 
to eat solid food, required narcotic for partial 
control of pain and trismus, and had lost 25 Ib. 
A 3 cm. fungating area with thick necrotic exudate 
covering it was present in the right tonsillar fossa. 
The surrounding mucosa was edematous and red- 
dened. Biopsy demonstrated residual cancer in the 
area. Subdigastric and upper cervical nodes were 
palpable in the right neck. Blood counts, urinalysis, 
blood urea nitrogen, fasting blood sugar, and EKG 
were within normal limits. The lungs were 
moderately emphysematous. 

April 16, 1957, the above-described operation was 
done. The styloid process and its muscular attach- 
ments were excised with the specimen, and frozen 
section examination of this margin was done. No 
cancer was noted. However, on permanent sections 
cancer was evident in this area, which forced one 
to assume that residual cancer remained at the 
base of the skull. There were four involved nodes 
of 43 examined. Four months after leaving Hurley 
Hospital he was admitted to a Veterans Hospital 
in another city and died. An autopsy was not ob- 
tained. 

Surgery in this case was probably ill 
advised. He was relieved of pain, but the 
period of survival can hardly be considered 
effective palliation. 

Case 4.—A 53-year-old white man admitted to 
Hurley Hospital, Oct. 13, 1958. 

Left midjugular nodes were evident in the neck, 
presenting as a mass 4 cm. in diameter. The pa- 
tient stated this “knot” had appeared in his neck 
nearly a year ago but had varied in size and he 
thought it had disappeared for an indefinite period 
of time. He was equally vague about intraoral 
symptoms, admitting only that he had been unable 
to wear lower dentures the last month. 

The primary cancer in the left tonsillar fossa 
had extended to involve the soft palate and the 
anterior tonsillar pillar downward to its attach- 
ment at the tongue. 

He was operated on Oct. 15, 1958, recovered 
without complication, and is well at the time of 
this report. 

Histologic study of the specimen showed the 
mucosal margins to be apparently free of cancer. 
There was direct invasion of the soft palate and 
the pterygoid musculature, In the neck specimen 
33 nodes were examined, and 14 contained cancer. 


Conclusion 


This is an attempt to demonstrate that 
the choice of treatment of squamous-cell 
cancer of the tonsil can be made, using 
the same criteria as for other intraoral 
cancers. They present as local lesions, in- 
vade adjacent musculature, and in most 
instances spread via the lymphatic system 
to ipsilateral cervical nodes. Disease tends 
to remain limited to the head and neck 
region even in its terminal states. 

Operative mortality need not be signifi- 
cant. Lesions diagnosed reasonably early 
can be adequately resected and the defect 
repaired primarily. Node-bearing tissue of 
the neck can be completely removed in 
continuity with resection of the primary. 

It is hoped that operable cases of differ- 
entiated squamous-cell cancer of the tonsil 
will be accepted for adequate surgical re- 
section. This should give an added oppor- 
tunity for cure in a group of patients for 
whom the prognosis, in general, has been 
very poor. 

460 S. Saginaw St. (2). 


REFERENCES 


1. Ackerman, L. V., and del Regato, J. A.: 
Cancer: Diagnosis, Treatment, and Prognosis, 
Ed. 2, St. Louis, The C. V. Mosby Company, 
1954, pp. 362-371. 

2. Berven, E. G. E.: Malignant Tumors of the 
Tonsil, Acta radiol., Supp. 11, p. 1, 1931. 

3. Martin, H. E., and Sugarbaker, E. L.: Cancer 
of the Tonsil, Am. J. Surg. 52:158, 1941. 

4. Martin, H.; del Valle, B.; Ehrlich, H., and 
Cahan, W. G.: Neck Dissection, Cancer 4:441, 
1951, 

5. Parshall, D. B., and Stenstrom, K. W.: 
Malignant Lesions of the Tonsil, Radiology 60 :564, 
1953. 

6. Perzik, S. L.; Joergenson, E. J.; Carter, 
R. P., and Deeb, P. H.: End-Results in Carcinoma 
of the Oral Cavity, A. M. A. Arch. Surg. 76 :677, 
1958. 

7. Walker, J. H., and Schulz, M. D.: Carcinoma 
of the Tonsil, Radiology 49 :162, 1947. 


8. Virtue, J. A.: Malignant Neoplasms of the 
Tonsil, Canad. M. A. J. 78:555, 1955. 


= 
| 
= 
a 
Bie 
a4 
Dodds 65/409 
ome 


Surgical treatment of pain in head and 
neck cancer has developed slowly as a 
by-product of the search for procedures 
for the relief of other types of head and 
neck pain. Spiller and Frazier ™ and others 
in the early part of this century developed 
trigeminal neurotomy through the temporal 
route as a practical operation for the relief 
of the intractable pain of trigeminal neu- 
ralgia. Davis * in 1923 reported that section 
of the trigeminal nerve alone did not relieve 
deep facial pain which was found to be 
transmitted by a portion of the facial nerve. 
In 1924, Adson' described the relief of 
the paroxyms of throat pain in _ glosso- 
pharyngeal neuralgia by section of the ninth 
cranial nerve. In 1927, Temple Fay ® pub- 
lished the results of his experience in 
sectioning various cranial nerves, including 
the vagus and upper cervical dorsal roots. 
He stressed the importance of the latter 
in the control of pain in the head and neck. 
Dandy * in 1929 described sectioning both 
the trigeminal and glossopharyngeal nerves 
through a posterior approach. Furlow,” in 
1942, stimulated the nervus intermedius, a 
portion of the facial nerve, and reproduced 
pain deep in the eye and ear. He found 
that section of this small nerve relieved this 
type of pain. Hunter and Mayfield ® have 
stressed the importance of the upper cervi- 
cal roots in the genesis of head and neck 
pain. They have reported many obscure 
headaches to be relieved by sectioning the 
dorsal roots of the second and third cervi- 
cal nerves. 


Submitted for publication Feb, 27, 1959. 

From the Department of Surgery, Northwestern 
University Medical School. 

Read at the 16th Annual Meeting of the Central 
Surgical Association, Montreal, Feb. 21, 1959. 


66/410 


Cranial and Cervical Rhizotomy in the Control of 
Pain for Malignancies of the Head and Neck 


NICHOLAS WETZEL, M.D., and ARTHUR BIDDLE, M.D., Chicago 


Thus an anatomic and physiologic basis 
for operations for the relief of intractable 
head and neck pain has been available for 
some time. However, the results obtained 
by sectioning various combinations of these 
nerves did not always fulfill the expecta- 
tions of the surgeon. With increasing 
knowledge of the anatomy of the pain path- 
way in the central nervous system, new 
operations were proposed. Sjoqvist ™ in 
1938 described sectioning the descending 
root of the trigeminal nerve in the medulla; 
and, in 1942, Walker described mesen- 
cephalic tractotomy for the relief of pain. 
With the developments of human stereo- 
tactic apparatus, methods for the interrup- 
tion of the pain pathway at even “higher”’ 
levels have been described by Spiegel and 
Wycis and others. Although there is an 
excellent anatomic and physiologic basis 
for these procedures (Brodal,? Tarlov,™ 
White and Sweet !*), the clinical results 
have not seemed to justify the surgical and 
technical difficulties inherent in these op- 
erations. Distressing sensory disturbances 
and recurrence of pain spots have been 
reported, particularly after mesencephalic 
tractotomy and also after section of the 
descending root of the fifth nerve.5:1 
Frontal lobotomy, an easy operation, has 
also been used for the relief of intractable 
pain; but, except in rare instances, the 
psychic loss would seem to be too great to 
justify the operation. White ?® has likened 
it to a legalized form of euthanasia. 
Modern surgical and radiological therapy 
has increased the problem of pain control 
in these patients, since there would seem 
to be a considerable increase in their life 
expectancy with ultimately incurable but 
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often severely painful tumors. The devel- 
opment of new drugs for the relief of pain 
has not yet provided a solution to this prob- 
lem. When we became interested in this 
problem, we felt that everyone knew that 
the pain of these patients could be easily 
relieved by section of enough of the appro- 
priate nerves. We were somewhat startled 
to find that others shared neither our knowl- 
edge nor our enthusiasm. As a result of our 
combined experience, both groups have 
somewhat altered their opinions, and we 
therefore believe that the procedures here 
described are worth further attention and 
investigation. 

Some 16 patients in the Neurosurgical 
Library of the Department of Surgery of 
Northwestern University Medical School 
comprise the present series. Three of these 
were operated upon by Dr. Loyal Davis in 


TABLE 1.—Site of Primary Lesion 


Skin of face... . 
Tongue 
Nasopharynx 
Nasal sinus. 


Buccal mucosa_ 


the period between 1939 and 1942. The 
remainder are cases of one or the other 
of us. The ages of the patients ranged 
between 37 and 67 years. There were 15 
males and 1 female. The origin of the 
patient’s tumor (Table 1) was sometimes 
difficult to determine. There were three 
patients with carcinomas of the skin of the 
face, and a similar number had carcinomas 
originating in the tongue, and another three, 
tumors originating in the nasopharynx. 
There were two patients with carcinomas 
of the nasal sinuses, and one patient each 
with tumors located in the larynx, tonsil, 
gingiva, deep lobe of the parotid gland, and 
buccal mucosa. The pain in all cases, ex- 
cept two, involved the face and jaws 
(Table 2). In four patients, there was also 
throat and mouth pain, and four also com- 
plained of severe neck pain. The pain was 
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TABLE 2.—Location of Pain 


Face and jaw........... 
Throat and mouth 


nerves 


confined to the tonsillar region in one pa- 
tient with carcinoma of the tonsil. Although 
the tumor originated on the right, a large 
irradiation ulcer on the left caused severe 
pain on that side. In one patient with 
carcinoma of the tongue, the pain was in 
both the mouth and throat. Seven patients 
had great pain on swallowing, although 
pain in the throat itself was not always pres- 
ent. Pain was, with one exception, uni- 
lateral. 

All of the patients, except one, had a 
section of the trigeminal nerve. Depending 
on the location of the pain, various other 
were cut (Table 3). All of the 
patients were operated upon in the sitting 
position, and except in one, the procedure 
(bilateral section of the glossopharyngeal 
nerve) was done in one stage. Local anesthe- 
sia alone was employed in most of the pa- 
tients and was quite satisfactory, especially 
if small amounts of intravenous meperidine 
(Demerol) were used. A general anesthetic 
in many of these patients would have been 
very difficult either because of the tumor 
or of ankylosis of the jaws. The first four 
patients in the series had section of the 
trigeminal nerve done through a temporal 
approach. Although this procedure is suc- 
cessful for the relief of pain of trigeminal 
neuralgia, it is not satisfactory for the 
treatment of cancer pain, because a com- 
plete trigeminal section is difficult and per- 
haps impossible to do through the temporal 
approach. The remaining patients had the 


TABLE 3.—Nerves Sectioned 


Trigeminal 

Glossopharyngeal alone. 
Trigeminal, glossopharyngeal - 
Trigeminal, glossopharyngeal, nervus intermedius-..- 
Trigeminal, glossopharyngeal, vagus 

Cranial nerves and cervical sensory roots 


67/411 


4 
we 
Parotid........ 
* 
5 
1 
3 
2 
1 
4 
— 


various cranial and cervical nerves sectioned 
through a posterior fossa approach, which 
might include an extension of the incision 
to expose the cervical roots through a small 
laminectomy. The patients tolerated the op- 
eration remarkably well. There was one 
immediate operative death from air em- 
bolism—always a hazard when the opera- 
tive site is above the heart. Another patient 
died within a week of surgery, presumably 
from pulmonary complications, since, in 
addition to his head pain, he had extensive 
pulmonary tuberculosis. Another patient 
died on the 14th postoperative day, when 
his internal carotid artery broke down in 
the nasopharynx. 

The results of pain-relieving operations 
are hard to evaluate, since what constitutes 
pain is an individual matter; and certainly 
the threshold and tolerance of pain vary 
from person to person. However, the re- 
sults obtained (Table 4) in nine patients 
seemed to justify the surgical procedure. 
The operation was considered to be success- 
ful if the patient was relieved of his pain 
until time of death. We have been particu- 
larly impressed with the patients with severe 
dysphagia who, after operation, were able 
to swallow both liquids and solids, gained 
weight, and often left the hospital. Even 
those having to remain in the hospital 
seemed comfortable and required no nar- 
cotics or extensive nursing care. In three 
patients, the effect of the procedure could 
not be adequately evaluated, since their sur- 
vival was too brief. Four patients’ opera- 
tions were considered to have been 
inadequate. One of the first patients in the 
series had a carcinoma of the larynx. A 
trigeminal section through the temporal 
fossa was done with good immediate effect. 
Shortly thereafter, however, pain developed 
in his throat, and further surgery was con- 
sidered futile. Another early patient had 


TABLE 4.—Results 


Good relief until death........._. 9 
Unsatisfactory, pain recurred __... 4 


A, M. A. ARCHIVES OF SURGERY 


an extensive carcinoma of the face and was 
treated by trigeminal neurectomy via the 
temporal approach. Postoperative sensory 
testing revealed an incomplete nerve section. 
Although he was relieved of his pain for 
about a month, he eventually required a 
frontal lobotomy. We now feel that com- 
plete fifth merve section through the 
temporal route is difficult to achieve and 
should not be attempted, since other nerves 
are usually also involved. Two other pa- 
tients had good short-term relief but recur- 
rence of pain. In a patient with carcinoma 
of the deep lobe of the parotid gland, the 
tumor was found to be invading the 
posterior fossa. Section of the trigeminal 
nerve was done through the tumor, and the 
patient’s facial pain was relieved. How- 
ever, the patient developed multiple cranial 
nerve palsies from further growth of his 
tumor, and he succumbed four months after 
operation. In another patient with an 
epidermoid carcinoma of the nasopharynx, 
bleeding from a large plexus of veins about 
the trigeminal nerve made us settle for a 
partial section. He was comfortable for 
about a month, then started bleeding from 
his throat. A carotid ligation was done, 
but he died some two months later and 
was, in the last stages of his illness, quite 
miserable with repeated bleeding and dif- 
fuse head pain. We have felt that most 
of the unsatisfactory results could be ex- 
plained on the basis of inadequate or partial 
denervation of the painful area. The sur- 
vival times of the various patients are 
shown in Table 5. 


Comment 
We believe that the neurological surgeon 
can make a real contribution in the care of 


TABLE 5.—Survival Time 


Months No. 
With Good Relief 35 1 
12 1 
4-5 4 
2-4 3 
Unsatisfactory Relief 4 3 
3 
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these patients. If pain is in the face and 
throat, section of the trigeminal, the glosso- 
pharyngeal, and part of the vagus, as well 
as the nervus intermedius, is usually suffi- 
cient. If neck pain is also present or would 
seem likely to develop, section of the 
cervical roots should also be done. The 
nervus intermedius may be quite important 
for the relief of deep facial or ear pain, 
but it is sometimes difficult to define this 
nerve. One of our patients was found to 
be relieved of ear pain without section of 
this nerve. All of the aforementioned 
nerves may be cut at a single operation, 
using only local anesthesia. Disabling loss 
of neurologic function does not result from 
sectioning these nerves, and even section 
of the 9th and partial section of the 10th 
cranial nerve does not necessarily cause dif- 
ficulty in swallowing. The present series is 
not as large as some reported in the past. 
Grant ® reported essentially similar or per- 
haps better results in 1943. With the devel- 
opment of new analgesics and with the 
extension of surgical and radiation therapy, 
these procedures seem to have fallen into 
disuse. Lobotomy also has been popular. 
There is little in the current literature to 
suggest widespread knowledge and use of 
the operations here described, and we have, 
therefore, felt justified in presenting our 
experience. We have been impressed by 
the gratifying relief of pain that some of 
our patients gained. 


Summary 


Sixteen patients with intractable pain due 
to recurrent head and neck cancer were 
treated by section of various cranial and 
cervical nerves. Good pain relief was ob- 
tained until death in nine patients. There 
were four patients whose pain recurred be- 
fore death, although they initially obtained 
good relief. Two patients died in the im- 
mediate postoperative period, and another 
died of his primary disease within two 
weeks; so evaluation of their relief was 
not possible. 


303 E. Superior St. 
W etzel—Biddle 
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DISCUSSION 


On Papers By Drs. BEAHRS AND HENSON, BY 
Dr. Dopps, AND By Drs. WetTzEL AND BIDDLE 


Dr. T. Howarp Crarke, Chicago: I should 
like first to ask Dr. Beahrs if at any time in their 
study they investigated the correlation between 
syphilis and carcinoma of the tongue. This, I think, 
is becoming somewhat of historical importance, but 
this should be one of the last series of any 
magnitude in which syphilis may play a rather large 
part. 

We went over our material at Hines some 
years ago and confirmed to our satisfaction that 
syphilis probably did play some part in the etiology 
of the disease, but our group of cases with syphilis 
was not sufficiently large to permit us to come 
to any conclusion as to the effect of syphilis upon 
the severity of the disease and the prognosis. 

Dr. Wetzel very kindly gave me a transcript of 
his paper, and I should like to discuss some aspects 
of it. 

There is a tendency constantly to look for new 
forms of treatment, often overlooking therapeutic 
tools already at hand. Those of us who must 
watch patients painfully die of slowly progressing 
cancers of the head and neck should be grate- 
ful to Dr. Wetzel for once more calling our atten- 
tion to the help they may receive from the 
neurosurgeons. 

Many patients with persistent cancer about the 
head and neck remain in hospitals merely because 
they cannot cope with the severe, unrelenting 
pain caused by the progressing disease. Others are 
quite incapable of maintaining an adequate nutri- 
tional state, and have great difficulty in swallowing. 
Sometimes this is the result of the progression 
of the disease. Sometimes it is the result of 
the surgery or of the supporting radiation therapy 
which is given. 

The neurosurgical procedures proposed by Dr. 
Wetzel frequently will improve these patients to 
the point where they are willing to leave the 
hospital; and while they will inevitably die of 
their disease, they will die much more gracefully; 
they will be less of a burden to themselves and 
less of an economic burden to their families. 
Furthermore, from the standpoint of the con- 
trolling physician and surgeon it is nice to have 
a third man on the team who will share the 
responsibility of looking after these people, be- 
cause when they do have pain thereafter it will be 
every day, all day, and all night. 

Dr. Epwarp J. TaBAH, Montreal: I would like 
to congratulate the authors of all three papers 
for their very informative material. Most of 
what I have to say will be confined to the second 
paper, on squamous-cell cancer of the tonsil. 

I think it is time we stopped and took a good 
look at the results of treatment of cancer of the 


70/414 


A, M. A. ARCHIVES OF SURGERY 


tonsil. The therapeutic radiologists have had the 
opportunity to treat these cases for a good many 
years without any interference from the surgeon, 
but their results’ have been so uniformly poor 
that I think the time has now come for the surgeon 
to step in and take a more active interest in these 
cases. 

I would like to briefly review our experience 
at the Royal Victoria Hospital in Montreal during 
a six-year period from 1952 to 1958. We had a 
total of 25 cases of malignant tumors of the 
tonsil. Of these 19 were squamous-cell carcinomas, 
three lymphoepitheliomas, and three lymphosar- 
comas, 

Up to a few years ago radiation therapy was 
the sole method of treatment used in these cases 
at our hospital, but in recent years radical surgery 
similar to that described by Dr. Dodds has been 
employed with increasing frequency. All three 
cases of lymphoepithelioma were treated with 
radiation therapy. Two are dead from the disease 
13 months and 7 months after treatment, and one 
is alive and well 3 years after treatment. 

The three cases of lymphosarcoma were also 
treated by radiation therapy, and all three cases 
are alive; one six, one four, and one a year and 
a half after treatment. 

Now we come to the squamous carcinomas. 
There were a total of 19 such cases. Twelve of 
them received radiation therapy alone, and all 
twelve are dead from the disease. The longest 
survivor in this group lived two and a half years. 
The majority of the patients were dead within 
18 months. 

There were two cases treated initially with 
radiation therapy, but each developed a recurrence 
within a year. They were then subjected to 
radical surgery, and eventually each died of his 
disease, but one lived for five years and the other 
for over three and a half years after surgery. 

There were two other cases that were treated 
with irradiation to the primary lesion, but they 
were treated by radical surgery of their neck 
metastasis, and both are alive and well, one, two 
and a half years, and the other, one year after 
surgery. 

Now we come to three cases that were treated 
solely by radical surgery. One is alive and free of 
disease four and a half years later. The second 
is alive and free of disease two years later. The 
third died four months after surgery from wide- 
spread distant metastases, but locally the tonsillar 
region and neck were completely free of the 
disease. 

In conclusion, I would like to say how much I 
have enjoyed these papers, and I would make 
a plea for more frequent use of radical surgery 
in squamous-cell cancer of the tonsil, with hope 
of improving the rather poor results that exist 
at the present time. 
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RHIZOTOMY IN HEAD AND NECK PAIN CONTROL 


Dr. WiitrAM H. Meape, Lansing, Mich.: I 
have just one comment in regard to radical dis- 
section of the neck, and that is that in so many 
places I have seen a continuous use of fine suture 
material for ligation in malignancies involving 
the neck. I feel that the general surgeon could very 
well afford to use a little neurosurgical technique, 
namely, the frequent use of the electrosurgical unit 
for the control of bleeding, using extremely fine 
hemostats. 

I should like to ask Dr. Wetzel if stilbamidine 
has been used in any of these cases of malignancy 
involving the neck for the control of pain. 

Dr. Ottver H. Beaurs, Rochester, Minn.: In 
respect to syphilis as an etiologic manifestation 
in cancer of the tongue, in the recent study between 
1950 and 1953 it was found that the incidence of 
syphilis was insignificant, so far as numbers were 
concerned. I would doubt very much that today, 
at least, it is a significant factor in the cause of 
carcinoma of the tongue. 

I should like to make one added comment to 
clarify the question of when we might consider 
radical dissection of the glands of the neck as 
part of the treatment of cancer of the tongue. 

As I mentioned, when the lesion is small, when 
it is of Grade 1 or low Grade 2 malignancy, 
when it is situated on the anterior portion of 
the tongue and enlargement of lymph nodes is not 
palpable in the neck, we probably would not 
advise radical dissection of the glands of the neck. 
On the other hand, if the lesion is larger, if it is 
located on the anterior two-thirds or the posterior 
third of the tongue, if it is of Grade 2, 3, or 4 
malignancy, then we probably would include dis- 
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section of the indicated area of the neck as part 
of the definitive treatment of the primary lesion. 

Dr. Max E. Dopps, Flint, Mich.: I would like 
to thank Dr. Tabah for his discussion. It is 
gratifying to find corroborative material from an 
institution of the stature of the Royal Victoria 
Hospital. 

The paper was an attempt to demonstrate that 
the choice of treatment of squamous-cell cancer of 
the tonsil can be made using the same criteria as 
for other oral cancers. These lesions invade 
adjacent musculature and in most instances spread 
via the lymphatic system to cervical nodes. 

Operative mortality need not be significant. 
Lesions diagnosed reasonably early can be ade- 
quately resected and the defect closed initially. The 
node-bearing tissue of the neck can be completely 
removed in continuity with resection of the pri- 
mary. 

I join Dr. Tabah in the hope that operable cases 
of differentiated squamous-cell cancer of the tonsil 
will be accepted for adequate surgical resection. 
We feel this should give added opportunity for 
cure in a group of patients for whom the progno- 
sis in general has been very poor. 

Dr. NicHotas Werzet, Chicago: I would like 
to thank the discussants. 

Insofar as the use of stilbamidine is concerned, 
I do not think it would be of much value. It was 
used in cases of trigeminal neuralgia, and enjoyed 
some vogue several years ago, but I believe it has 
been abandoned, The patients were sometimes 
very uncomfortable with paresthesias and it is a 
very toxic drug. I don’t believe it is even available 
for treatment any more. 
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Cancer Palliation 


ROBERT C. HICKEY, M.D.; CHARLES A, JOHNSON, M.D.; TITUS C. EVANS, Ph.D., and 


DAVID ALFTINE, M.D., lowa City 


All too often incurable cancer proves to 
be a painful, chronic condition, and such 
illnesses should challenge the ingenuity of 
physicians and scientists collectively. The 
patient may suffer mental and _ physical 
deterioration, and his family may encounter 
great social and economic hardship. The 
therapeutic limitations of surgery, of ioniz- 
ing radiation, and the commonly used 
cancerocidal chemotherapeutic materials each 
alone are fairly well known. Incompletely 
explored are combinations of modalities in 
therapy, and herein, perhaps, are unused 
remedies in cancer palliation. 


The mustard group of drugs are thought 
to enhance the effects of ionizing radiation.* 
These drugs have had limitations in effec- 
tive use against most cancers, however, 
because of their systemic toxicity. The 
proposal that an extracorporeal circulation 
can provide a means for delivering high 
doses of nitrogen mustard ?* to a diseased 
area with lessened systemic contamination 
appears to have merit. 

Our purpose was to assess a_ simple 
extracorporeal pump as a mechanism for 
delivering cancerocidal materials to an iso- 
lated region. We wished to study the 
palliative value of nitrogen mustard so per- 
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Extracorporeal Pump Perfusion of Kadioactive Isotopes and Nitrogen Mustard 
as Adjuncts to External Radiation Therapy 


fused, and particularly when it was com- 
bined with external radiation therapy. We 
wanted also to learn if radioactive phos- 
phorus or radioactive gold could be localized 
selectively in a tumor if offered repeatedly 
by perfusion. 

This manuscript is to record our early 
observations. 


Materials and Methods 


Our human studies are limited to five 
adults with advanced cancer. As might be 
expected, the selection of lesions and 
sequential therapy were those largely of 
clinical opportunity. In each instance, the 
patient or responsible family member was 
apprised of our intent. 

All human observations were on lower 
extremity lesions. Tourniquets were always 
used, and in thigh lesions both groin and 
below-knee tourniquets were applied. Pre- 
liminary observation on dogs had demon- 
strated a seemingly significant exchange of 
materials through anastomotic channels 
where anatomic segments were perfused 
without tourniquet control. These canine 
isolated segments were at the distal aorta, 
iliac, and femoral arterial levels; chromium 
(Cr°') tagged erythrocytes and Evan’s blue 
dye were interchanged between the pump 
circulation and the canine general circula- 
tion, but where a tourniquet could be applied 
relative isolation was attained other than 
for minor leakage interpreted as passing 
through bone. 

In each clinical instance, the distal super- 
ficial femoral artery and vein were can- 
nulated above the knee with polyethylene 
catheters, and the catheters were threaded 
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Fig. 1—Diagram of pump perfusion system and 
radiation-detecting equipment. The detectors were 
thin aluminum-walled £-sensitive Geiger coun- 
ters. In some instances Counter I was placed near 
the tumor. 


proximally or distally as indicated by the 
location of the neoplasm. The venous 
catheter had numerous side perforations and 
was well advanced when threaded proxi- 
mally to avoid venous valve obstruction to 
return flow. A Sigmamotor pump was used 
for circuit perfusion without an oxygenat- 
ing system. The pump perfused at a rate of 
120 ml. per minute and a systolic pressure 
of about 140-180 mm. of mercury. The 
pump system was filled with 400 ml. of a 
heparinized isotonic electrolyte solution, to 
which the nitrogen mustard was added in 
1 mg. increments at 3-5 minute intervals, 
except in one instance where the intervals 
were 14 minutes. The radioactive materials 
were added to the pump system and were 
monitored with Geiger counters during the 
operative period for leaks to the systemic 
circulation. Tissue localization was followed 
postoperatively for about one week. The 
isotope dosage did not exceed the accepted 
levels used in therapy of hematologic dis- 
orders. 

To calculate tissue doses of perfused 
nitrogen mustard, the volume of each per- 
fused part was measured as a truncated 
cone or by a fluid displacement technique. 
The bone marrow and peripheral blood 
were followed postoperatively. No over- 
lapping pharmacologically active drugs, as 
broad-spectrum antibiotics, were used which 
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might conceivably have had antitumor 
activity. 

The external radiation therapy was vari- 
able in the time and sequence of administra- 
tion, particularly as some therapy was 
given elsewhere, and at times technique and 
type of irradiation were changed. It was 
possible, however, to calculate dosages in 
reasonable detail. Standard commercial 
preparations of methyl-bis(8-chloroethyl) 
amine hydrochloride (HN2), colloidal radio- 
active gold (Au'®*), and soluble sodium 
phosphate (P**) were used. 

Histologic, photographic, and roentgeno- 
graphic studies were obtained where possible 
at appropriate intervals. 

Case 1—This 54-year-old woman seen 
three years after nephrectomy for a hyperne- 
phroma. Eight weeks prior to admission a right 
tibial monostotic metastasis had been treated with 
2,300 r tumor dose of 220 kv. x-radiation over an 
11-day period. 

A tibial open biopsy disclosed a viable, anaplastic 
malignant tumor. Four days later, the limb was 
perfused with Ringer’s solution, to which was 
added 3 mc. of P® in 1 mc. increments at 7-minute 
intervals. After the last injection, the limb was 
perfused for 10 minutes. The extracorporeal sys- 
tem was flushed three times then with Ringer’s 
solution, and the venous return exhibited a marked 
decrease in radioactivity. The monitoring indicated 
that minimal leakage had occurred and the dif- 
ferential uptake was followed for six days. Three 
weeks after perfusion the extremity was amputated 
above the knee. Six months later evidence of 
generalized neoplastic spread was found. 

Comment.—Except for the amputation, 
this patient’s metastasis was treated by 
ionizing radiation alone. 

Mild postperfusion extremity edema was 
present. The patient’s bone pain was un- 
altered. Amputation was done because the 
P*? differential uptake in the tumor area 
did not warrant another perfusion with a 
higher dose of P*. 

Case 2.—This 29-year-old woman suffered a re- 
current malignant melanoma of the ankle treated 
previously by several local excisions and a radical 
groin dissection. On this admission, her general 
physical condition was only fair. The left ankle 
demonstrated a bleeding, odoriferous, necrotic, 
neoplastic ulcer with raised edges and joint in- 
volvement. Satellite nodules were scattered up the 
leg, and diffuse advancing pulmonary metastases 
were present. 
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The lower limb was perfused with HNe, 1 mg. 
increments being used to a total of 5 mg. (tissue 


dose 0.65 mg/kg.) ; also perfused was 0.9 mc. of 
P*, The wound was observed for 10 days, after 


which the femoral artery was cannulated and 
18 mg. of HNez was given in 1 to 2 mg. incre- 


Fig. 2 (Case 2).—dA, 
ulcerating malignant mel- 
anoma of the ankle, be- 
fore treatment. B, after 
completion of x-ray and 
HN: therapy. There has 
been epithelization of a 
large portion of the ul- 
cerating lesion and_ re- 
placement of the necrotic 
area by inflammatory 
granulation tissue. 


ments over a seven-day period. Simultaneously, a 
fractionated air dose of 2,400 r (120 kv.) was di- 
rected to the ankle lesion. Four days later, the leg 
was amputated. She died at home a few weeks 


later of pulmonary metastases. 


Fig. 3 (Case 3).—Neurofibrosarcoma in thigh. A, be- 


fore treatment. B, after excision. Note the edema. 
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Comment.—This was our first nitrogen 
mustard perfusion. We decided against a 
second perfusion because of the small 
scarred vessels found at the first perfusion; 
in lieu, fractionated intra-arterial mustard 
was added. 

Were this cancer less aggressive biologi- 
cally, considerable palliation might have been 
obtained. The 5 mg. HNg» perfusion im- 
proved the appearance of the ankle. Within 
48 hours, the ulcer had flattened, was less 
painful locally, less odoriferous, and the 
satellite nodules had decreased half in size. 
Improvement was significant with the com- 
bined effects of x-radiation and HN» at 
three weeks. The posterior tibial nerve was 
encroached upon by tumor well above the 
ankle, and pain from this prompted the 
amputation. Microscopically, superficial fi- 
was noted site, but 
present 


at the lesion 
still 


brosis 


sarcomatous melanoma was 


Fig. 4 (Case 3). 


beneath. No obvious localization 
P82 was noted. 


of the 


Case 3.—This 69-year-old schizophrenic man 
had been cared for by a solicitous family in mental 
institutions and nursing homes for years. He had 
a huge neurofibrosarcoma involving the upper 
medial left thigh with a large cystic component 
that filled repeatedly. The patient was ill and 
febrile; a hemipelvectomy was judged as needed 
for extirpation. The family insisted that any al- 
ternate therapy was preferred as radical amputa- 
tion would make a constant attendant necessary. 

The patient was perfused retrograde from the 
distal femoral vessels on two occasions, at three- 
week intervals, with fractionated 10 mg. and 20 
mg. amounts of (total tissue 
mg/kg.). Also with each perfusion 2 mc. of P™ 
(total 4 me.) was given. Co” teletherapy was ad- 
ministered as follows: before the first perfusion, 
600yr; between perfusions 9%00yr, and finally 
1,100yr, for a total tumor dose of 2,600yr. A 
violent skin reaction resulted. 


dose 2.9 


The mass was ex- 
cised six weeks after the second perfusion and five 
weeks after the final irradiation. 


A, pretreatment neurofibrosarcoma (reduced about 14% from mag. 


x 300). B, microscopic appearance, 1 day after x-radiation was completed and 12 days after sec- 


ond perfusion. 
150). C, after excision. 


Note the fibrosis and bizarre giant cells (reduced about 


14% 


from mag. 


Note the marked degenerative changes (reduced about 14% from 


mag. X 150). D, after excision. At the cyst margin sarcoma (viable?) remains with tumor 


destruction beneath (x 150). 
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Comment.—Our only follow-up indicates 
that the patient was well at a sanitarium six 
weeks later.* On the whole this man 
benefited from the several interlocking 
therapies. The combined irradiation and 
HN: produced a profound shrinkage (to 
40%) of the tumor. The blood loss into 
the cystic parts necessitated transfusions, 
and thus excision of the tumor was 
prompted. The complete excision was made 
possible only because of the antecedent 
treatment effects. At excision, scattered 
microscopical remnants of viable tumor re- 
mained, although most of the tumor was 
destroyed. The wound healed well. 

Extremity edema persisted, particularly 
in the medial posterior thigh, and some 
transient marrow depression did develop. 
The P* activity at both perfusions was 
greater in the tumor than elsewhere. The 
differential level diminished with time fol- 
lowing each perfusion. 

Case 4.—This 74-year-old woman sustained a 
left femoral midshaft pathological fracture 45 


months after abdominoperineal resection for rectal 
adenocarcinoma. Other metastases were known to 


be present. 


* A local recurrence was noted 5% months after 
excisional therapy. 
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While in a plaster spica, the fracture site was 
treated with 250 kv. x-ray for a tumor dose of 
1,600 r over 12 days. Nine days later an intra- 
medullary rod was positioned to maintain im- 
mobilization and to correct painful disalignment. 
At this time 23 mg. (tissue dose 3.3 mg/kg.) of 
fractionated HNe was perfused retrograde; in 
addition, 1 mc, of Au’ was given. She died at 
home six weeks after perfusion. 

Comment.—This attempt at palliation was 
of little avail. The biopsy comparisons of 
the fracture site at operation, after death, 
and with the original lesion suggested little 
change. Postoperatively, there was little 
focal uptake of the gold at the fracture site. 
Any significant hematologic change was 
questionable. The patient suffered no ill 
effects of note from the perfusion. 

Case 5.—This 7l-year-old man had a discrete, 
97.55 cm., painful soft tissue recurrence in an 
amputation stump, 10 months after a below-knee 
amputation for a hemangioendotheliosarcoma of 
the foot. His general condition was satisfactory. 

The limb was perfused with fractionated HNa, 
1 mg. every 14% minute, for a total dose of 30 mg. 
(tissue dose of 4.3 mg/kg.). In addition, 0.4 mc. 
of Au™ was perfused. After 14 days’ observa- 
tion, Co” teletherapy was added for a tumor dose 
of 3,070yr in 7 days. Two months after perfusion 
an above-knee amputation was done. 


Fig. 5 (Case 5).—A, 
the appearance of the left 
lower extremity before 
treatment. The shaded 
area represents the limits 
of the palpable tumor. 
B, fourteen days after 30 
img. HN2 perfusion. Note 
the edema as compared 
with the appearance be- 
fore perfusion. Superfi- 
cial ulceration followed. 
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to 


from mag. 


x 300). B, photomicrograph of metastasis, 14 days after HN: therapy only. Note large areas 
of coagulation necrosis adjacent to viable tumor cells. After the additive irradiation, the tumor 
showed more coagulation and necrosis but viable cancer remained (reduced about 12% from 


mag. X 150). 


Comment.—After perfusion, the leg re- 
currence decreased sharply in size (by 30% 
to 40%), and then for about two weeks 
showed no change, but resolved another 
20% as the Co teletherapy was given. The 
tumor remained palpable and was_ only 
slightly smaller four weeks after completion 
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of the Co® teletherapy, when amputation 
was done. 


The radioactive gold localization was 
greater in the stump area than elsewhere 
but was not limited to the tumor alone. 
Some quickly reversed leukopenia was 
noted. The local side-effects of the perfu- 
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Fig. 6 (Case 5).—A, photomicrograph of primary hemangioendothelial sarcoma showing 
as. cleft-like channels lined with malignant endothelial cells (reduced about 12% [Xi 


P32 ACTIVITY 


Percent of Maximum 


Gftleg 
O 12 24 
Time in Hours 


Fig. 7 (Case 1).—Relative loss of P® activity 
of tumor, other parts of leg, and of contralateral 
leg. Readings were with a #-sensitive Geiger 
counter placed on the skin, without corrections 
for physical decay. The results are interpreted as 
indicating an initial marked concentration of P® 
in the tumor of that leg, with a loss and redis- 
tribution taking place thereafter. 


sion—pain, edema, superficial ulceration, 
and erythema—were sufficient to cause in- 
capacitating disability. 


General Comment 


The mustard compounds were introduced 
into clinical medicine in 1942 by Gilman 
and associates.* The toxicity of the drugs 
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has been long recognized as a limiting 
therapeutic factor, and the human intrave- 
nous LDso9 dose has been estimated at about 
1.0 mg/kg. by Karnofsky.5 Among other 
contributions, it is pertinent that Karnofsky’s 
group ® recognized the protective influence 
of regional isolation after intravenous 
injection of the drug; as, for example, 
cross clamping of the aorta and inferior 
vena cava of the rat for 2-15 minutes pro- 
tected the distal marrow upon injection of 
the drug proximally, and similarly the 
animal’s sensitive small bowel could be pro- 
tected with mesenteric vessel cross clamping 
for 5-15 minutes. Further, Karnofsky et al.’ 
pointed out that small fractionated doses of 
HNge reduced and delayed systemic toxicity, 
and that x-radiation gave an added tissue 
effect. 

In 1950 Klopp et al.* introduced the 
clinical concept of prolonged fractionated 
intra-arterial HN» therapy. This group sug- 
gested in addition the use of a heart-lung 
mechanical pump to treat an isolated ex- 
tremity and thus prevent drug action on 
the body elsewhere. Moreover, Klopp 
and associates tried HNez with other 


Fig. 8. (Case 1).—Reproduction of monitors recording during P® perfusion. The lower trac- 
ing registered activity of the venous return of the pump system. The peaks followed arterial 
injections given at seven-minute intervals. The upper tracing followed the control contra- 
lateral leg. Note there is no escape with the tourniquet applied. 
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drugs clinically, as buffered chlortetracycline 
(Aureomycin) and with irradiation.? Ryan, 
Winblad, Krementz, and Creech* tested, 
extended, and put into clinical practice the 
extracorporeal oxygenating pump system as 
proposed by Klopp, and their results have 
been nicely presented by Creech et al.%'° 

With particular reference to HNe, our 
attention has been attracted especially to the 
salutary effects when HNg is combined with 
irradiation. The mustards are radiomimetic, 
but when compared with ionizing energy the 
basic modes of action differ; this has been 
reviewed recently by Auerbach.** Our pa- 
tients were not treated with an oxygenator 
in the pump system. Experimentally Auer- 
bach and Moser !* and Kihlman noted 
that cellular damage by mustard gas and 
HNsz is not influenced by a changed environ- 
ment of air, or nitrogen, or oxygen. It 
could well be that oxygenated blood as a 
perfusion vehicle offers other benefits. Still 
other additives, or other cytotoxic sub- 
stances, or material to condition enzyme sys- 
tems might be advantageous and await 
exploration. 

Nitrogen Mustard Perfusion.—In assess- 
ing our HNe therapy, Case 2 (melanoma) 
benefited from the 5.0 mg of perfused 
mustard (0.65 mg/kg.). Improvement was 
extended with fractionated intra-arterial 
HNe and irradiation. The response of a 
melanoma to roentgen therapy is variable 
but this lesion responded very well (Fig. 2), 
so some credence should be given to the 
added HNe. Case 3 (neurofibrosarcoma) 
had a very good response to therapy 
(Fig. 3); surgical excision could not have 
been done without prior treatment, and yet 
microscopical neoplasm remained (Fig. 4). 
As compared with skin and adjacent muscle, 
the tumor was certainly selectively and 
severely damaged. Case 4 (metastatic adeno- 
carcinoma) failed to respond. In this in- 
stance the x-radiation amount was small and 
the HN» followed it sequentially. The HNe 
is thought to be more effective if delivered 
first or concomitantly with the x-radiation °; 
in other (but not comparable) instances, 
Cases 2, 3, and 5, this was done. 
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Case 5 (hemangioendotheliosarcoma) al- 
lowed for some comparative observations. 
The stump lesion decreased in size after 
the perfusion (Fig. 5) and decreased further 
in size during and after the irradiation. 
Figure 6 shows microscopical comparisons 
of the primary lesion and the HN--treated 
metastasis. Even at amputation, however, 
after the perfusion and irradiation, viable 
tumor remained amidst considerable necro- 
sis. Of interest, this patient’s lung contained 
diffuse metastatic deposits. We attempted 
unsuccessfully to assess the effects of 
ionizing energy alone by irradiating an area 
focally with about 3,000yr to the midthorax. 
Serial radiographs revealed a progressive 
decrease in size of all intrathoracic metas- 
tases, an effect attributed to an escape of 
HNg2 from the perfused extremity or some 
metabolic side-product. At perfusion little 
leakage from the leg was noted, and the 
tourniquet remained occlusive for 22 min- 
utes after the last dose of HNo. 

Isotope Perfusion—Radioactive _phos- 
phorus, P%*, has been suggested as a useful 
diagnostic and therapeutic agent because of 
a preferential pick-up by some neoplastic 
tissues. Reinhard has suggested that the 
selectivity is dependent upon (1) the total 
amount of phosphorus in exchangeable form 
in the tissue; (2) the rate of turnover of 
phosphorus by the tissue, and (3) the rate 
at which new tissue is formed. As a 
therapeutic agent P*? has limitations, for 
deposition occurs in both normal and neo- 
plastic cells after administration, and there 
is a migratory tendency for P32 to become 
deposited in bone, an important factor since 
it has a half-life of 14.3 days. Ideally an 
agent should concentrate severalfold in a 
tumor and remain so for extended periods. 

Our interests in P®? were twofold: Pri- 
marily, we wished a material to monitor 
our tourniquet isolation, and secondly, we 
looked to it as a_ possible radioactive 
therapeutic agent for pump perfusion. Theo- 
retically, simultaneous use of P®? in therapy 
might be possible, for Marshak” noted 
that regenerating liver with active mitoses 
continued to take up P** for a brief period 
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after HNe administration, Further, as a 
pure beta emitter, P** was relatively safe 
for gloved surgecns. 

After perfusion in Case 1 there was P** 
localization to external measurements over 
the osteolytic tibial metastasis. It was 
estimated (roughly) that 300 to 400 roent- 
gens equivalent were delivered at this site 
as against 40 to 100 roentgens equivalent 
to the other tibia. The escape of the 
radioactivity from the treated area occurred 
partially because the leg was incompletely 
flushed but especially because of metabolic 
redistribution. The marrow therapeutic dif- 
ferential discouraged another perfusion with 
higher doses. At amputation the radio- 
autograph demonstrated P** localization in 
the reactive bone while the cancer within 
the marrow cavity would have escaped much 
of the radiation effect. 

Case 2 failed to isolate detectable P** in 
melanoma tissue. Case 3 was perfused 
twice at three-week intervals. In addition 
to HNo, P®* was added each time in 2 me. 
amounts. The neurofibrosarcoma took up 
the isotope and quantitatively retained it for 
an observed eight days at about a 5:1 ratio 
as compared with the contralateral thigh. 
At the time of the second perfusion, a pre- 
operative tumor biopsy revealed degenera- 
tive histological changes as a consequence of 
the 1,500yr of Co® teletherapy and the 
previously administered 10 mg. of HNe. 
With the second perfusion the P** localized 
less effectively in the tumor, 

It seems that little value can be placed 
upon the efficacy of P*? so delivered. The 
localization of P** is a metabolic process, 
and, while this might be altered or hastened, 
the problem would still remain to keep P** 
tissue-fixed in the tumor. 

After testing P*? for perfusion, we looked 
to colloidal radiogold (Au), has 
a shorter half-life, 2.7 days, and its colloidal 
properties have worked well in interstitial 
and intracavitary therapy. As a gamma 
emitter more safeguards would be necessary 
should larger doses be administered. It is 
as effective as P** in monitoring. 
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Two patients were given Au'®*. Case 4, 
given 1 me., had some leakage to systemic 
blood at perfusion, interpreted as due to 
seepage along the intramedullary rod track. 
There was little effective Au’®* localization 
in the thigh; in fact, the liver had a higher 
concentration. It is of interest that minimal 
leakage of HNe in active form must have 
occurred, as measured by the hematologic 
response. 

Case 5 was treated with 0.4 mc. of Au! 
in addition to the HNoe, and little perfusion 
leakage occurred. The hemangioendothe- 
liosarcoma probably did focally isolate some 
of the gold. The radioactive uptake over 
and adjacent to the tumor was greater than 
elsewhere by a ratio of 10:1, but the 
scintillator counter only generally outlined 
the mass. The considerable postperfusion 
edema may have been a contributing factor 
toward regional deposition. These observa- 
tions suggest that under the described condi- 
tion Au'®® alone would be insufficient, and 
as an additive, like P*®*, it is inferior to 
external irradiation. 

Side-E ffects—The alimentary tract dis- 
turbances were no greater after perfusion 
than those encountered with other surgical 
procedures of comparable magnitude. One 
patient had transient clinical jaundice, at- 
tributed to hemolysis after a perfusion, A 
serious sequel of HNg therapy and of intra- 
venous isotope therapy is bone marrow sup- 
pression. With HNe intravenously, in 
general, the lymphocytopenia reaches a maxi- 
mum in 6-8 days; granulocytopenia occurs 
at 15-21 days, and the platelet count is 
lowest at about the third week. Marrow 
depression can be detected early. 

Our Case 1 and Case 2 showed no con- 
vincing change in either the peripheral cell 
counts or bone marrow due to drug therapy. 
Cases 3 and 5 demonstrated mild hema- 
topoietic depression. With Case 3, the 
platelet count was recorded as 64,000/cu. 
mm. of blood on the 22d day (first perfu- 
sion), and the leukocyte count was 3,700/cu. 
mm. of blood on the 11th postperfusion day 
(second perfusion), Recovery was prompt. 
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CANCER PALLIATION 


No significant bone marrow depression was 
noted. On the 13th postperfusion day, 
Case 4 was found to have a leukocyte count 
of 3,600/cu. mm. of blood; the bone marrow 
smear showed mild erythroid hyperplasia 
as its only abnormality, probably due to 
long-standing anemia. Our observation span 
on this patient was brief. On the 10th 
postperfusion day, Case 5 had a decrease 
in myeloid and erythroid bone marrow 
elements with normal bone marrow platelets. 
On the 21st postperfusion day, there was a 
blood leukocyte count of 3,000/cu. mm. of 
blood, and three days later the platelet count 
was 68,000/cu. mm. of blood. These counts 
returned to normal values by the 28th post- 
perfusion day. 

After perfusion, all of the patients had 
mild edema of the perfused extremity. In 
Case 5 this was appreciable and a definite 
complication. This patient was treated more 
rapidly with a total HN» tissue dose of 
4.3 mg/kg., and this caused early severe 
pain, erythema, long-lasting edema, and 
superficial ulcerations leading to higher am- 
putation. The skin of each HNg patient 
was very sensitive to adhesive tapes, but in 
general, the histological integrity of the skin 
was in striking contrast te the degenerated 
tumor beneath. Wound healing was not im- 
paired in any patient. Bronzing of the skin 
was noted in two patients, not accounted for 
by irradiation therapy alone, and depilation 
was not seen. Local pain relief was con- 
spicuous (Case 2) even after 5 mg. perfu- 
sion. No patient lost a peripheral ankle 
pulse, even though the vessels of one patient 
were perfused twice. It must be recognized 
that adequate vessels are a factor in patient 
selection. 

Summary and Conclusions 

Five patients have been observed under 
treatment by a simple extracorporeal non- 
oxygenated pump system which delivered 
cytotoxic materials to extremity cancers 
isolated by tourniquets. 

Small doses of the isotopes, P*? and 
Au’, were tested, and the isotopes were 
judged potentially hazardous for use in 
therapeutic amounts. 


Hickey et al. 


As administered by our pump, a perfused 
tissue dose of HNge should not reach 
4.0 mg/kg. in a single administration. Addi- 
tional perfusions or fractionally adminis- 
tered intra-arterial HNe might be used to 
augment dosage. 

The salutary effects of perfused HNe 
and irradiation are of sufficient encourage- 
ment to us, that in carefully selected in- 
stances further cautious trials seem justified 
with other moieties and variations in a search 
for methods in palliation. 


State University of Iowa College of Medicine. 
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Controlled Radio-Frequency Generator for Production 
of Localized Heat in Intact Animal 


Mechanism and Construction 


RICHARD MEDAL, B.S.; WILLIAM SHOREY, M.D.; R. K. GILCHRIST, M.D.; WALTER BARKER, M.D., and 


RUSSELL HANSELMAN, M.D., Chicago 


In our previous paper’ we have shown 
that it is possible to produce differential 
heating in vitro in an electromagnetic field. 
This heating is dependent on the radio 
frequency, on the magnetic field strength, 
and on the coercive force of the magnetic 
particles of FesO3, which are 0.02p-0.1y 
in size and which serve as the target ma- 
terial. In this paper we will demonstrate 
that we can produce differential heating in 
the intact animal even to the point of 
localized tissue necrosis. Examples of the 
temperature changes in the normal tissues 
during treatment will be shown. We will 
describe the apparatus for recording this 
temperature and also the characteristics of 
the radio-frequency field used. 


The contribution of the electronic scientist 
in this medical research program has been 
threefold: First, it was necessary to develop 
a radio-frequency generator and work coil; 
second, several types of magnetic particles 
had to be tested to find a material which 
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would provide maximum heating inert to 
biological processes; third, an electronic 
temperature-measuring system had to be 
developed to indicate body temperature in 
the live animal. 

Developing a radio-frequency generator 
capable of inducing heat in magnetic 
particles presented no problem; however, 
considerable experimentation was required 
to determine the optimum frequency and 
magnetic field strength which would yield 
maximum particle heating with minimum 


tissue heating. 


As presently designed, the radio-fre- 
quency generator consists of an oscillator 
operating at a frequency of 120 keps and 
with a power output of 14,000 watts. The 
electromagnetic energy is concentrated with- 
in a helical coil 4% in. in diameter, formed 
of copper tubing and cooled by water circu- 
lating through the tube. Approximately 
1,500,000 volt-amp. of radio-frequency en- 
ergy are applied to the coil. The body of 
the animal is placed within the coil for sub- 
jection to the electromagnetic field. 

The work described in the previous paper 
was performed at a frequency of 1.2 
megacycles per second. It was found that at 
this frequency the heating rate of normal 
tissue was too great in larger animals. It 
was necessary to reduce tissue heating by 
reducing the frequency of operation and yet 
maintain the heating of the magnetic par- 
Heating of normal tissue in an 
electromagnetic field at this frequency is due 
mainly to the eddy currents which flow in 
ionized fluids within the body. (Diathermy 


ticles. 
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machines which operate at 13.5 megacycles 
per second and higher cause tissue heating 
both by eddy currents and by dielectric 
stress. These types of heating are unde- 
sirable in this application.) Tissue heating 
is a function both of frequency and of the 
diameter of the conducting loop of ionized 
fluid within the body. The heating rate 
varies as the square of each of these factors. 

The first step in reducing tissue heating 
was to lower the radio frequency to 120 
keps through modification of the existing 
equipment, At this lower frequency, tissue 
heating was reduced by a factor of 100, 
while the heating due to magnetic particles 
was reduced by a factor of only 10. To 
compensate for this slight loss, the strength 
of the magnetic field was increased from 
240 oersteds to 470 oersteds. The effect of 
this increase on particle heating is shown in 
Figure 6. The horizontal axis represents 
field strength in oersteds, and the vertical 
axis represents temperature rise in degrees 
centigrade. The diagonal curve represents 
increase in heating rate due to increasing 
magnetic field. 

The shape of this heat curve depends 
upon the magnetization curve of the mag- 
netic material. Slight heating begins at 200 
oersteds, and at 500 oersteds a saturation 
point is reached beyond which heating is 
essentially constant. The operating point of 
470 oersteds was chosen as the point of 
optimum ratio between magnetic particle 
heating and normal tissue heating. The 
rise in iron heating rate between these points 
is approximately 30 C. Thus, tissue heating 
was reduced by a large factor while mag- 
netic particle heating was increased. 

Investigation is continuing to find the 
most effective target material—the minute 
magnetic particles which are heated as a 
result of the electromagnetic field through 
their hysteresis loss. The material which 
has proved most effective to date is a mag- 
netic form of Fe2O+.* Many other materials 
have been evaiuated, and the search is con- 
tinuing to find a finely divided magnetic 


* Manufactured by the General Aniline Corpora- 
tion. 
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material which will absorb more power in 
the radio-frequency field than the presently 
used Fe.O3. The materials are evaluated 
by a calorimetric method in which 100 mg. 
of material is placed in 20 cc. of distilled 
water. The container is placed in the radio- 
frequency field and the temperature rise 
per unit time is observed. 

The third area of investigation was the 
development of a temperature-measuring 
device suitable for insertion into live ani- 
mals. Primary requirements were small 
size, accuracy, and insusceptibility to an 
electromagnetic field. This last requirement 
rules out the use of thermocouples because 
the metallic thermocouple parts would cause 
considerable self-heating. Alcohol thermom- 
eters are too large and cumbersome for 
use in the live animal. 

The answer was found to be in the re- 
cently developed bead thermistor. The bead 
thermistor is an electrical device whose 
resistance changes inversely with tempera- 
ture; the term “bead” comes from the fact 
that it consists essentially of two fine wires 
covered with a bead of semiconducting 
material. The resistance of this device is 
high enough to prevent internal eddy cur- 
rent heating, and the materials of which it 
is composed are resistant to the effects of 
body fluids, Also, its small size makes it 
ideal for emplacement in the live animal, 
where it can be left indefinitely. Each 
thermistor is equipped with a lead about 
24 in. long with a subminiature connector 
at the end. The lead consists of very fine 
stranded wire jacketed with Teflon. 

The change in resistance of the thermis- 
tor—hence the temperature change—is meas- 
ured by a specially designed bridge circuit. 
Temperatures are indicated on a group of 
large-scale meters which may be placed at 
any distance from the work coil. A record- 
ing galvanometer may be used for a perma- 
nent record of the results. 

It was necessary to carefully shield this 
temperature-measuring system from the 
radio-frequency generating circuits because 
one milliwatt of stray power in the meas- 
uring circuit results in an error of more 
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Fig. 1 (Rabbit 496).—This shows the necrosis 
in the tissue lying between the upper poles of the 
testes in a rabbit which had had a suspension of 
Fe:Os injected into the scrotum. This dissection 
was made 17 days after injection and 3 days after 
it received 3 minutes of treatment in the coil at 470 
oersteds and 120 kc. Here we have a greater 
concentration of target material than is usually 
found in lymph nodes. 


than one degree centigrade. Stray electric 
fields within the coil were reduced to a 
negligible value by means of a Faraday 


shield. This shield consists of a plastic 
tube sized to fit snugly within the coil. Fine 
wires are stretched lengthwise on the outer 
surface of this tube and connected together 
at one end at a distance from the coil so 
the magnetic field is unaffected. 

As far as future design work is con- 
cerned, the present state of the electronic 
art makes it possible to meet almost any 
requirement which may arise in connection 
with this project. A larger coil with a 
diameter of 7% in. will be designed to ac- 
commodate larger experimental animals. 
New magnetic structures design may permit 
the electromagnetic field to be focused to a 
smaller area of the body to permit localized 


Medal et al. 


Fig. 2 (Rabbit 496).—The marker points to the 
area of hyperemia and coagulation necrosis about 
more centrally placed nodes in the deeper structures 
of the cord. 


treatment. Electromagnetic fields can be 
developed in coils large enough to envelop 
the human body. The cost of such electronic 
equipment will not be unreasonable. 


Preliminary experimental work has been 
done to demonstrate gross heating effect. 

A suspension of Fe2O; which had been 
made radioactive for scanning was injected 
into the scrotal sacs of rabbits weighing 
2-2.5 kg. The inguinal lymph nodes were 
found to contain up to 30-70 mg. of Fe2O3 
per gram of tissue. In a rabbit which was 
treated for only 3 minutes, Figure 1 shows 
the local necrosis in the intertesticular area 
at the site of iron oxide deposition. 
Figure 2 reveals the local hyperemia and 
coagulation necrosis in and about the deep 
nodes in the inguinal region in this sur- 
viving animal. Figure 3 shows the distri- 
bution of the Fe2O; in what appears to have 
been a node. Figure 4 shows the severe 
coagulation necrosis, marked tissue hypere- 
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mia and edema, and general absence of 
inflammatory reaction. 

The effects of radiation of this type and 
intensity (viz. 1,500,000 volt-amp., 470 
oersteds) were first investigated in the nor- 
mal rabbit. All rabbits weighing 2-2.5 kg. 
survived 5 minutes of exposure to this field. 
About 50% of those exposed for 6 minutes 


died 30 minutes to 14 days after exposure. 
Seven minutes of exposure was generally 
lethal to these animals. The effect is propor- 
tional to the square of the diameter of the 
animal and for our purposes is equated to 


weight. In contrast to rabbits weighing 


Fig. 4 (Rabbit 496).— 
Photomicrograph showing 
the coagulation necrosis, 
marked hyperemia, and 
minimal inflammatory re- 
action and the apparent 
clumping of the FeeOs in 
this node treated 72 hours 
before the animal was 
killed. (Reduced about 
40% from mag. X 160.) 
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Fig. 3 (Rabbit 496).— 
This photomicrograph 
shows the distribution of 
the FesOs in a mass of 
tissue consistent with the 
location and shape of a 
lymph node. The histol- 
ogy has been so altered 
by thermal effect that no 
definite evidence of lymph 
node tissue can be recog- 
nized. This tissue con- 
tained 78.4 mg. of FesOs 
per gram of tissue. (Re- 
duced about 40% from 
mag. X 68.) 


2-2.5 kg., rats weighing 150-200 gm. tolerate 
more than one hour of continuous exposure 
in this coil. 

Thermistors, as previously described, were 
implanted in various organs of the rabbit 
and enabled us to obtain a continuous 
recording of temperature change in the nor- 
mal intact animal. Figure 5 shows the rate 
and degree of temperature rise and fall in 
the liver, spleen, and stomach wall, while 
this rabbit was being treated. These tem- 
peratures are accurate to within +0.5 C. 
The temperature response varies in different 
organs. 


Vol. 79, Sept., 1959 


: ‘ : ‘ 
86/430 


CONTROLLED RADIO-FREQUENCY GENERATOR 


Power off 


Stomach wall 


TEMP. RISE —°C 


T 
5 

Fig. 5.—Showing the temperature response in the liver, spleen, and stomach wall during and 
after 5 minutes of exposure of a rabbit to a 470 oersted, 120 kc. field. 
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Fig. 6—Showing the increase in the heating rate 
of magnetic particles for increasing field strength. 


Medal et al. 


Detailed reports regarding the correlation 
of the temperature and histological and 
biochemical changes in various organs of 
animals treated in this way will be the 
subject of forthcoming papers. 


University of Illinois College of Medicine. 
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Experimental Treatment of Tumors with Antibodies 


PETER BUINAUSKAS, M.D., Kankakee, Ill.; JOHN A. McCREDIE, M.D., London, Ont., Canada; 
E. R, BROWN, M.D., Austin, Texas, and WARREN H. COLE, M.D., Chicago 


Recently there has been increasing inter- 
est in the immunological treatment of cancer. 
The ultimate aim of the immunologist is to 
produce an active immunity against cancer. 
However, the more limited goal of treatment 
using the principle of passive immunity is 
now being extensively investigated. Recent 
work by other workers has shown that it 
is possible to produce anticancer antibodies 
in another species of animal, and_ these 
antibodies are active when injected back 
into the animal from which the tumor was 
derived. The antibodies have been labeled 
with radioactive iodine and with fluorescein 
and have been shown to react with the tumor 
tissue both in vivo and in vitro. These 
anticancer antibodies appear to be present 
mainly in the y-globulin fraction of the 
plasma. 

In 1954, Nungester and Fisher! prepared 
an anticancer serum which was effective in 
decreasing the number of tumor “takes.” 
They gave six injections of a filtrate of 
homogenized mouse lymphosarcoma cells 
into rabbits over a period of three weeks. 
Antibodies to mouse red cells were removed. 
When the antiserum was injected into mice 
at various intervals after the cells, “takes” 
occurred in 18% of the treated animals, 
whereas 98.3% of the untreated control 
animals developed tumors. When the anti- 
serum was given more than 48 hours after 
the cells the percentage of “takes’’ increased 
rapidly. In 1956 Day et al.* produced anti- 
bodies to the Murphy rat lymphosarcoma in 
rabbits and found that by salting out the 
globulin fraction of the blood the anticancer 
antibodies could be isolated in a more con- 
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centrated form. Common antibodies to rat 
blood were removed. After the administra- 
tion of radioactive-iodine-labeled globulins 
they found that the antibodies were taken up 
by both the tumor and the surrounding nor- 
mal tissues. When they used an ascitic 
form of the tumor which did not contain 
any stroma more of the antibodies were 
taken up by the tumor tissue. Wissler et al.,* 
in 1956, prepared anti-Flexner-Jobling 
y-globulin and tagged it with I". On 
inoculating the substance into rats with 
17-day-old tumors they found that more of 
the globulin was taken up by the spleen, 
liver, and lungs than by the tumor. They 
found that the treated animals lived longer 
and that multiple injections were more 
effective than a single inoculation. In 1957 
Vial and Callahan prepared an antiserum 
for a patient suffering from melanoblastoma. 
They gave repeated injections of extracted 
melanoma cells to rabbits and later isolated 
the y-globulin fraction of the rabbits’ blood. 
When this protein fraction was injected into 
the patient there was no regression of the 
tumors. They were able to demonstrate on 
one occasion a three times greater concen- 
tration of the antibodies in the tumor tissue 
than in the normal tissues. 

This report is a continuation® of work 
along these lines attempting to isolate anti- 
cancer antibodies in a purer and more con- 
centrated form. Anticancer antibodies were 
produced in one animal species by injecting 
cancer cells from another species. The anti- 
cancer antibodies were then isolated and 
injected into animals of the species from 
which the cancer cell antigen was derived. 
The antibodies were isolated in a purer form 
by more complete removal of antibodies 
formed to the normal tissues injected with 
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the cancer cells. This was accomplished by 
a modification of the technique of Edwards 
and Ewing,® wherein a small amount of 
normal tissue is added to the anticancer 
serum and stirred in the cold for about 
12 hours. With use of this technique the 
antibodies formed to the normal tissues were 
effectively removed without damage to the 
anticancer antibodies. A highly concen- 
trated prepartion of anticancer antibodies 
consisting chiefly of a2- and y-globulins was 
obtained by using a modification of Cohn’s 
Method 10 technique‘ for the isolation of 
various protein fractions. The proteins thus 
obtained were stored in the form of lyophilic 
powder at —15 C. The activity of the frac- 
tion was tested when it was injected at the 
same time as cancer cells and also in animals 
with already established tumors. A smiliar 
procedure was performed for three patients 
suffering from advanced carcinoma of the 
breast. 


Methods 


A whole-cell suspension of cancer cells was used 
as antigen. A cell suspension of the Walker 256 
rat tumor was prepared, containing 3,000,000 cells 
per cubic centimeter of isotonic saline and a number 
of bottles containing the stock whole-cell antigen 
were fast frozen and stored at —15 C. Of the 
whole-cell antigen 2.5 cc. was injected every third 
day into rabbits, multiple subcutaneous and intra- 
peritoneal routes being used alternately. When 
sheep were used for the production of antibodies 
5 cc. of whole-cell antigen was injected into each 
animal. Three days after the fourth injection an 
agglutination test was performed on a specimen 
of the rabbit or sheep’s blood, and, if the anti- 
cancer cell titer exceeded 1 in 10,000, the animals 
were exsanguinated, the blood pooled, and _ the 
plasma obtained by centrifugation. Further im- 
munologic studies showed that antibodies had also 
been formed to the small amount of normal tissue 
which was injected with the cancer cells. These 
antibodies were removed by adding a cellular 
suspension of normal rat fat and fibrous tissue to 
the plasma, which was then placed on an electro- 
magnetic stirrer for 12 hours at 0 C. Subsequent 
studies showed that anti-normal-tissue antibodies 
were effectively removed by this procedure without 
affecting the anticancer cell antibody titer. 

The proteins used, consisting mainly of a:- and 
y-globulins, were obtained from the plasma by a 
modification of Cohn’s Method 10 technique’ as 
adopted by Nitschmann * and further modified as to 
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pH to correspond to animals’ blood. Immunologic 
studies using agglutination precipitin techniques 
showed that the protein fraction contained more 
than 100 times the amount of antibody found in the 
initial plasma. The purified protein fraction was 
stored in lyophiled form at —15 C. 


A similar technique was used for the clinical 
studies. Three patients were selected who were 
suffering from advanced cancer of the breast; two 
with easily palpable supraclavicular metastases. The 
breast was removed by simple mastectomy, and a 
whole-cancer-cell antigen solution (3,000,000 cells 
per cubic centimeter) was prepared in isotonic 
saline. At the time of operation some normal con- 
nective tissue was removed from the patient at 
some distance from the cancer site and stored at 
—15 C until required for the absorption of anti- 
bodies formed to normal human tissue. Three 
sheep were used for each patient. Repeated in- 
jections of the cancer cells were given to the 
sheep, and the protein fraction was isolated as 
described for the Walker 256 tumor. 

For the clinical study a number of safety pre- 
cautions were taken to test the protein fraction 
for toxicity and anaphylactoid reaction. The pro- 
tein was tested in guinea pigs and also directly in 
the patient. In addition the anticancer fraction was 
tested bacteriologically for sterility. The infusion 
was given only if those tests were negative. Epi- 
nephrine and antihistamine drugs were kept beside 
the patient, and intravenous dextrose transfusion 
was kept running, to which hydrocortisone could 
be added if required. 


Results 


Preliminary experiments showed that the 
same a@e- and y-globulin fractions prepared 
both from normal rabbit’s blood and from 
rabbits which had received injections of 


1.—Effect of Anti-Walker-Tumor Antibodies 
(1,000 Mg/Kg.) Prepared in Rabbits on “Takes” 
of the Walker 256 Tumor 


Average 
Day of 
Appearance 
of Tumor 


No. of % 


Group Rats Takes Takes 


Cells * & antibody- 

containing 

fraction t¢ 20 8 40 
Cells only 

(controls) 10 10 100 


* 10,000 Walker 256 tumor cells were injected subcutaneously 
on the abdomen in both groups, 

t The antibody-containing fraction was injected into the 
femoral vein at the same time as the tumor cells were injected 
subcutaneously. 
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normal rat tissue had no effect on the growth 
of the Walker tumor. 

Thirty Sprague Dawley rats were in- 
jected subcutaneously with 10,000 Walker 
256 tumor cells (Table 1). Twenty of these 
were injected intravenously with the anti- 
Walker antibody fraction (1,000 mg/kg. 
body weight) which was dissolved in 
isotonic saline, and ten were given no treat- 
ment. None of the animals which received 
the protein fraction developed a toxic reac- 
tion. “Takes” appeared in all of the 10 
control animals by the 7th day, whereas 
“takes” occurred in only 8 of the treated 
animals, and the average time of appearance 
of the tumors was delayed until the 23d day. 
When the protein fraction was injected 
intravenously into rats with already estab- 
lished tumors the growths decreased in size 
by about one-quarter but commenced to 
grow again after about 48 hours. However 
the tumors remained smaller in the treated 
animals than in the controls. Direct injec- 
tion of the anticancer fraction into the tumor 
did not appear to be more effective than its 
administration intravenously, 

Table 2 shows the effect of giving anti- 
Walker-tumor antibodies prepared in sheep 
on the weight of Walker tumors. Ten 
thousand Walker tumor cells were injected 
subcutaneously on the back of 60 animals, 


Taste 2.—Weight of Walker 256 Tumors in Rats * 
Receiving Anti-Walker-Tumor Antibodies 
(1,000 Mg/Kg.) Prepared in Sheep 


Average Tumor Weight in Grams 
of Survivors at 40 Days 


Antibody 


Fraction Antibody 
Given at Fraction 
Time of Given 
Inoculation 17 Days 
Group t of Cells After Cells 
Antibody-containing 
fraction ¢ 8.8 (5) § 13.2 (5) 
Glycine alone 35.3 (3) 61.5 (4) 
Controls 45.5 (4) 52.6 (3) 


* 10,000 Walker 256 cells were injected subcutaneously on the 
back of each animal. 

t There were 10 rats in each group. 

t The protein fraction was injected into the femoral vein. 

§ Figures in parentheses represent number of rats alive at 
40 days. 
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and the animals were divided into six groups 
of 10 animals each. In the first three 
groups the effects were observed of giving 
the protein fraction at the same time as the 
cancer cells, and in the remaining groups 
the protein fraction was given to animals 
with already established Walker tumors 
10 mm. in diameter. The protein fraction 
was dissolved in glycine (0.3 mg. per 
100 cc.) instead of isotonic saline because 
of the low solubility of protein in saline; 
therefore glycine was given to two groups 
of control animals. The rats were kept for 
40 days after inoculations of the tumor cells, 
and the surviving animals were then killed 
and the tumors dissected out and weighed. 
All of the animals which died within 40 
days of injection of the cancer cells had 
large ulcerated growths which could not be 
weighed accurately. When the protein frac- 
tion was given at the same time as the 
cancer cells were inoculated, the average 
weight of the tumors in the five surviving 
animals was 88 gm., while in the three 
surviving which received glycine it was 
35.3 gm. and in the four which received no 
treatment it was 45.5 gm. When the anti- 
cancer antibodies were given to animals 
with already established Walker tumors the 
average weight in the treated animals was 
13.2 gm.; 61.5 gm. in those receiving 
glycine, and 52.6 gm. in those which re- 
ceived no treatment. Figures 1 and 2 show 
the tumors in the animals which were alive 
40 days after inoculation of the tumor cells. 
The antibody solution did not prevent 
“takes” but decreased the rate of growth 
of the Walker tumor sharply in each of the 
two series (Table 2). 


Of the anticancer fraction prepared in 
sheep for the three patients suffering from 
advanced cancer of the breast, 7 to 15 gm. 
was injected intravenously in 500 cc. of 
isotonic saline to each patient. One patient 
complained of loin pain and another devel- 
oped pyrexia (103 F), but the reactions 
were not severe. In the two patients who 
had enlarged supraclavicular lymph nodes 
the glands decreased from 74.75 cm. and 


Vol. 79, Sept., 1959 


| 
ag 
: 
4 
| 
: 
ig 
[ss 
‘a 
: 
a, 
a 
| 


TUMORS—ANTIBODY TREATMENT 


|. TREATED 
ANTIBODY 1000 Mg./Kg. BODY WT 


2.CONTROLS 
VEHICLE INJECTED AVERAGE TUMOR WEIGHT: 35-3Gm 


B.CONTROLS NO TREATMENT 


4X3 cm. before treatment to 5.63.75 and 
32 cm. respectively within 24 hours of 
the completion of treatment. There was no 
reduction in the size of the tumors on sub- 
sequent days. Agglutination studies (Ta- 
ble 3) were performed using the cancer 
cells obtained at the time of mastectomy and 
cancer cells from one of the supraclavicular 
nodes removed after the patient had received 
the antibody-containing protein fraction. 
Agglutination occurred when the protein 
fraction was added to the breast cancer cells 
obtained at the time of mastectomy. There 
was no agglutination when the sheep's 
serum (the sheep had received repeated 


4. TREATED 
Fig. 2—Tumors of rats 
treated with antibodies 
intravenously 17 
after inoculation of 
Walker 256 tumor cells 
subcutaneously. Tumors 
were excised, weighed, 
and photographed 40 days 
after subcutaneous inocu- 
lation of tumor cells. 


days 


5. CONTROLS 
VEHICLE INJECTED 
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Fig. 1.—Tumors of rats 
treated with antibodies 
given intravenously simul- 
taneously with inoculation 
of Walker 256 tumor cells 
subcutaneously. Tumors 
were excised, weighed, 
and photographed 40 days 
after subcutaneous inocu- 
lation of tumor cells. 


3. AVERAGE TUMOR 
WEIGHT: 45-5 Gm. 


injections of breast cancer cells) was added 
to the supraclavicular cancer cells, and ag- 
glutination occurred only at high concentra- 
tion when the protein fraction was added 
to the supraclavicular cells. No agglutina- 
tion occurred when the protein fraction was 
added to the patient’s normal tissue. These 
studies suggest that an antibody-antigen 
combination had occurred within the patient, 
and that the antibody was “coating” the 
cancer cells. 


Comment 


This work shows that anti-Walker-256- 
tumor antibodies can be produced in both 


ANTIBODY 1000 Mg./Kg. BODY wT 


5. AVERAGE TUMOR WEIGHT: 61-56m 


6. AVERAGE TUMOR WEIGHT: 52-66m 
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TaBLe 3.—Agglutination Studies on Tissues 
Obtained from a Patient Suffering from 
Advanced Cancer of the Breast 


Antibody 
Dilution Group! Group2 Group3 Group4 
1/80 + + 
1/160 + + + - 
1/2,560 + 
Agglu- 
Antigen Antibody tination 
Group 1 Breast cancer cells Antibody con- + 
before administration taining fraction 
of antibody con- 
taining fraction 
Group 2 Supraclavicular can- Sheep serum ~ 
cer cells treatment after injection 
with antibody con- of cancer cells 
taining fraction 
Group 3 Supraclavicular can- Antibody-con- + 


cer cells after treat- 
ment with antibody 
containing fraction 
Group 4 Normal human tissue Antibody-con- oa 
taining fraction 


taining fraction 


* Negative reaction due to massive concentration of anti- 


body compared with antigen i.e., prozone effect. 


rabbits and sheep and that these antibodies 
inhibit or prevent the growth of the Walker 
tumor. The Walker 256 tumor has almost 
certainly altered since it began in 1928 and 
it has been transmitted in many strains of 
rats. It cannot therefore be considered a 
“spontaneous” tumor. It could be suggested 
that the cells of a “spontaneous” tumor are 
not antigenically different from those of the 
tissue from which it was derived. This 
work should therefore be repeated with a 
“spontaneous” tumor, The immunological 
studies performed with the cancer cells ob- 
tained from the supraclavicular node of the 
patient after she had received the antibody- 
containing fraction suggest that the anti- 
cancer antibodies were different from those 
produced to normal tissues. 

The anticancer antibodies prepared for 
the patients suffering from advanced cancer 
of the breast caused a decrease in the size 
of the tumors in the two patients with 
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enlarged supraclavicular nodes. Vial and 
Callahan (1957) found that the administra- 
tion to a patient of y-globulin from rabbits 
after the injection of extracted melanoma 
cells had no effect on the tumors. This may 
have been due to the failure to remove 
antibodies which may have been formed to 
other tissues, to the injection of a lower 
concentration of antibodies, or to a different 
response with melanoma cells. 

The protein fraction was not given to any 
patient who had only a small amount of 
cancer tissue remaining after surgery. It 
is possible that larger amounts of a more 
purified antibody preparation may effec- 
tively control a small amount of cancer 
tissue or recently implanted cells after 
surgery. 


Summary 


Anti-Walker-256 rat tumor antibodies 
were produced in rabbits by repeated injec- 
tions of whole Walker tumor cells. Anti- 
bodies formed to normal tissues injected 
with the cancer cells were removed without 
damage to the anticancer antibodies. The 
anti-Walker antibodies were extracted in 
powder form by isolating mainly the ae- 
and y-globulins from the rabbit’s blood. 
The same protein fraction isolated from 
normal rabbit’s blood and from rabbits 
which had received repeated injections of 
normal rat tissues had no effect on the 
growth of the Walker tumor. When the 
anti-Walker-tumor antibodies were injected 
intravenously into 20 rats at the same time 
as injection of 10,000 Walker tumor cells, 
“takes” were prevented in 12 of the animals 
and in the remainder the time of appearance 
of the tumor was delayed. When the same 
protein fraction was given to rats with 
already established Walker tumors the 
growths decreased in size by about one- 
quarter but commenced to grow again after 
48 hours. However, the tumors remained 
smaller than in the nontreated animals. 
Anti-Walker-tumor antibodies prepared in 
sheep also inhibited growth of the Walker 
tumor, 
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Anti-breast-carcinoma antibodies were 
prepared from sheep’s blood for three pa- 
tients suffering from advanced carcinoma of 
the breast. In two of the patients who had 
enlarged supraclavicular nodes the protein 
fraction caused a decrease in the size of the 
nodes. Immunological studies suggested that 
an in vivo antibody-antigen combination had 
occurred in one of the patients. 


The Ontario Cancer Foundation, London Clinic, 
Victoria Hospital. 
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DISCUSSION 


On Papers BY Drs. Hickey, JOHNSON, EVANS, AND 
ALFTINE, BY Mr. MEDAL AND Drs. SHOREY, 
GILCHRIST, BARKER, AND HANSELMAN, 

AND BY Drs. BurnausKAs, McCreptr, 
Brown, AND COLE 

Dr. FrepericK S. Cross, Cleveland: I would like 
to congratulate Dr. Hickey and his associates on 
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a nice presentation of a very well-executed piece 
of work, and at the same time I would like to 
thank them for inviting me to discuss this paper 
today. 

The work I am presenting has been done in 
association with Dr. John Woodhams, and repre- 
sents the cumulative experience in the extra- 
corporeal perfusion of five tumors to date. Contrary 
to Dr. Hickey and associates, we use an 
oxygenator in the extracorporeal circulation, and 
our experience has been limited to the use of 
nitrogen mustard given in a total dose of 0.4 mg. 
per kilogram perfused in four divided doses given 
at 5-minute intervals, the total perfusion lasting 
about 30 minutes. 

[Slide] Our first experience was the most diffi- 
cult one, consisting of a right hind-quarter per- 
fusion by way of the right iliac vessels, done for 
extensive metastatic melanoma. This slide illus- 
trates the difficulty encountered in isolating the 
perfusion circuit from the general circulation with- 
out the use of a tourniquet. Shortly after the 
beginning of the perfusion it is noted that we had 
a rather drastic drop in systemic blood pressure. 
This was easily compensated for by whole blood 
transfusion, but it happened again, and this ended 
as a rather unsatisfactory perfusion. 


The second patient was a 10-year-old girl who 
had a fibrosarcoma incompletely excised from the 
left thigh. The family refused amputation, so we 
perfused this child prophylactically, as it were. We 
have no good visual evidence of our results, but 
at this time, eight months postoperatively, she has 
had no local recurrence or evidence of distant 
metastases. 


The third patient had a recurrent fibrosarcoma 
of the left arm, which was perfused by way of the 
brachial vessels with a tourniquet in place. This 
represented a reasonably satisfactory perfusion ex- 
cept for the fact that some blood was sequestered 
in the arm. This is the only patient in whom we 
have had postoperative morbidity, in that she had 
a great deal of edema and rather intractable nerve 
pain after perfusion. She previously had refused 
amputation, but in view of the postperfusion pain 
and edema, she finally accepted amputation several 
months later. 


[Slide] This patient had a very large metastasis 
from a hypernephroma with erosion of the right 
iliac crest, as shown. 


[Slide] This slide shows the isolated vessel sup- 
plying the tumor arising from the ricat internal 
iliac artery. This was not a perfusion with the 
extracorporeal circuit, but represents an intra- 
arterial injection of nitrogen mustard, total dose 
as before, given in two divided doses. We did not 
use the extracorporeal circuit because we did not 
feel we could isolate the circulation satisfactorily. 


She had immediate decrease in the size of the 
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tumor, with immediate loss of pain. We have since 
added x-ray therapy, total dose 3,200 r. I have not 
seen this patient recently, but the x-ray men have, 
and they state that there is continued decrease in 
the size of the tumor with still no recurrence of 
the pain. 

[Slide] This is a microscopic section from a 
pelvic metastasis of a breast tumor in a dog which 
was perfused as outlined previously. 

[Slide] This slide shows the postperfusion histo- 
logical picture with a great deal of destruction in 
the tumor, certainly indicating the desired response 
from the perfusion. 

I again would like to thank Dr. Hickey for the 
opportunity to discuss his presentation, for I think 
this represents a very interesting and important 
piece of work, giving us another method in the 
possible palliative treatment of certain tumors, as 
well as a possible preoperative treatment to shrink 
tumors to a size that allows easier operability. 

Dr. FrepericK W. Preston, Chicago: I would 
like to comment on this very intriguing and im- 
portant paper by Dr. McCredie and his associates. 

During the past 50 years there have been many 
investigators who have attempted to develop anti- 
bodies against cancer in animals and humans, but 
it seems to me that Dr. McCredie and his co- 


workers have accomplished two things that haven't 
been accomplished in the past. 
In the first place, they have purified the antibody 


without losing its activity. Secondly, they have a 
serum or antibody that is effective against estab- 
lished tumors. 

Most serums that have been prepared against 
experimental tumors have been shown to be ef- 
fective by neutralizing the tumor in a test tube. 
Subsequently when the mixture of antibody and 
tumor is injected into the animal the percentage 
of “takes” is less than when the tumor is injected 
alone. 

I would like to ask Dr. McCredie if this antibody 
that he describes has the properties that we 
ordinarily associate with antibodies against bac- 
teria. Is it destroyed by heat, and is it reactivated 
on the addition of complement ? 

As he said, the importance of immunologic ap- 
proach to cancer is now of great interest, because 
chemotherapy for solid tumors has been so dis- 
appointing. 

I certainly hope that this group will develop 
this approach to cancer therapy in the human 
being. 

Dr. Hucu E. StrepHenson Jr., Columbia, Mo.: 
This idea of giving a large dose of a cytotoxic 
agent to a small area of the body certainly has 
appealed to us, and I think Dr. Hickey and his 
group at Iowa have made a nice contribution. 

Our problem in two cases in which we have used 
this method has been that of leakage of the drug 
through the collateral circulation. The last patient 
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on whom we employed this method was a young 
woman with a malignant melanoma of the leg. 
We had hoped to do a lymph node dissection, but, 
when entering the abdomen prior to this we found 
large involved nodes around the bifurcation of 
the aorta, we went ahead with the perfusion 
through the external iliac, and tied off the internal 
iliac artery. In spite of that we found a sig- 
nificant leakage by means of radioactive chromium, 
studied by putting the chromium into the pump 
and then taking it out of the antecubital vein. We 
had also been using a tourniquet such as Dr. 
Creech has advocated. 

I would like to know if Dr. Hickey and _ his 
group have any suggestions as to how that might 
best be avoided, because it was a considerable leak. 
The white count fell to a rather dangerous level. 

We used TSPA on the recommendation of Dr. 
Jane Wright and her group with the Cancer 
Chemotherapy Study at Bellevue Hospital on the 
melanoma. Three weeks after the patient’s dis- 
charge from the hospital the large palpable inguinal 
lymph nodes were no longer clinically notice- 
able. We also have felt that perhaps Dr. Creech 
may be right in that a high oxygen tension should 
be present when these agents are delivered to the 
tumor. 

Dr. Harotp Indianapolis: I would like 
to review briefly our experience at the Indiana 
University Medical Center, since it has been slightly 
different from that previously presented. 

Our technique has consisted of gravity drainage 
of the vein and the use of a pump oxygenator 
system to put the blood back into the perfused bed. 
We have used nitrogen mustard up to 0.8 mg. per 
kilogram of body weight, injected into the arterial 
line in four or five divided doses. The pump runs 
about 30 minutes, Our technique has differed from 
that in the previously presented papers in that 
tourniquets were not used proximal to the per- 
fusion bed. Although, theoretically, it would have 
been desirable to use a tourniquet to prevent mixing 
of the blood, it would have been possible in only 
one of our patients. Also, it seemed to us that 
if the method is to be applied to areas of the body 
other than the extremities, it would be necessary 
to develop a technique that did not require a 
proximal tourniquet. 

We have treated a total of eight patients. Two 
were perfusions of the thigh for sarcoma, and 
six were perfusions of the pelvis, five for ad- 
vanced carcinoma of the cervix, and one for 
carcinoma of the rectum. 

The pelvic perfusions were technically helped by 
cannulating the femoral artery and vein in a retro- 
grade fashion. All that was then required with 
the abdominal exposure was clamping of the aorta 
and vena cava at the selected level. 

We have had no deaths, and no clinical symptoms 
referable to the procedure. Three of the patients 
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showed a rather severe fall in white blood cell 
count; however, none developed any real difficulties 
from the leukopenia. In all, the count increased 
after a week or two. We though it was perhaps 
worth while to accept a moderate fall in white 
count in order to get an extra amount of drug 
into the perfusion area. 

It is too early for us to know the response of 
the carcinoma to the treatment. We have had 
some suggestive improvements like those previously 
presented. The technique deserves continued in- 
vestigation and it may eventually prove a worth- 
while addition to present methods of cancer 
therapy. 

Dr. JoHN H. Grinptay, Rochester, Minn.: I 
arise to pay tribute to authors Medal, Shorey, 
Gilchrist, Barker, and Hanselman. Their report 
today certainly sounds promising. 

I have nothing to add, by way of discussion, nor 
have I any questions. I merely wish to compliment 
the authors, to express my admiration, and tell 
them I hope they will continue their work 
zealously. 

Dr. Ropert C. Hickey, Iowa City: I wish to 
thank Drs. Cross, Stephenson, and King for their 
remarks. 

The question of an oxygenator has been raised. 
I would point out that the effects of x-ray are 
probably enhanced in an atmosphere containing 
an increased amount of oxygen; but while the 
mustard drugs are radiomimetic, their effects are 
not identical with x-rays, nor are their actions 
identical. Experimentally, it has been pointed out 
that the mustard drugs work as well in an at- 
mosphere of oxygen, of air, or even of nitrogen. 

With respect to leakage into the systemic circu- 
lation, our preliminary observations in dogs did 
indicate that there was a high cross flow in spite 
of such precautions as ligating anastomatic vessels 
and the like. Therefore, in human patients we used 
the tourniquets in every instance. 

Dr. R. Kennepy Gitcurist, Chicago: Thank 
you, Dr. Grindlay. I think this is a little different 
approach, and is based partly on the Coley vaccine 
business. When there was a high fever the tumor 
died in many cases. Throughout the whole bio- 
logical system this is true. It is much easier to 
kill various undesirable plants and animals by a 
rise in temperature than it is by freezing them. 

Fortunately, today, with the thermistors that 
Mr. Medal has developed, we can now measure 
the temperature in four, five, six, or more parts 
of the body at one time, and can implant these 
and leave them. We have had them only a short 
time but we have had them in for four weeks 
already without any reaction. So, they can be 
left a long time. 

We propose to maintain the temperatures at 
desired levels by interruption of power input at 


Buinauskas et al. 


regular spaced intervals. 
Mr. Medal’s device. 

I think you might like to see just what you can 
really do with this. In the slides Dr. Shorey 
showed you, the animals were only three minutes; 
the following animals, most of them, died in six 
minutes, 

[Slide] This is the testicle. This hole is pro- 
duced by treatment of six minutes, which is the 
lethal dose rate. It is straight through the skin 
from within. 

[Slide] This is a similar slide showing how 
much heat you can get. This was taken 48 hours 
later. Again the hole is here, just as though you 
had punched it out with a hot rod. 


[Slide] This shows the tissue necrosis. 


This can be done by 


[Slide] This animal had had this microscopic iron 
injected one and a half years before. There is no 
reaction and under treatment we have gangrene 
of the bowel and gangrene here. 


[Slide] This shows it again. So, the iron oxide 
will stay there a long time. I don’t know the 
quantity here because the usual chemical method 
of determining this is very slow and very expensive 
and with our scanning techniques it is rapid and 
easy. 

We have shown previously the distribution of the 
iron in cleared specimens, and it isn’t clumped 
the way you saw it in the photomicrograph. It is 
a fairly uniform distribution, just as you would get 
with injecting India ink or anything else. Under 
the marked heating effect it seems to clump up. 

Of course, our physicists have said that all they 
are doing at the present time is showing they can 
ram a truck through the wall, because once we 
find what we really need, it is very easy to drop 
the power and therefore to drop the temperature. 

I am not sure we will need a target material 
eventually, but this is a method to produce the heat 
we wish, control it over either a short or a long 
time, and then find out what we can do with the 
temperature, which I hope we will be able to tell 
you a little about shortly. 

Dr. Jonn A. McCrepie, London, Ont., Canada: 
I would like to thank Dr. Preston for his com- 
ments. 

Heat rapidly causes denaturation of the antibody- 
containing protein fraction. The protein extraction 
is performed at —5 to 0 C and it must be stored 
at —15 to —20 C. We have not studied the effect 
of giving supplementary complement with the 
protein fraction. 


Dr. Cole has been studying the effect of giving 
nitrogen mustard and other substances at the time 
of surgery for cancer. This work was undertaken 
to find if the immunological approach could pos- 
sibly be used as an adjunct to the surgical treat- 
ment of cancer. 
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Lymphangiosarcoma in Postmastectomy 


Lymphedematous Arm 


WILLIAM J. FRY, M.D.; DARRELL A, CAMPBELL, M.D., and FREDERICK A. COLLER, M.D., 


Ann Arbor, Mich. 


The relative infrequency of lymphangio- 
sarcoma in the edematous arm following 
radical mastectomy has made it difficult to 
establish reliable diagnostic and therapeutic 
criteria. Histologically the disease is easily 
confused with malignant melanoma or with 
Kaposi’s sarcoma. No successful treatment 
has yet been devised. Since Stewart and 
Treves first reported the syndrome in 1948, 
31 similar cases have been added to the 
literature. 


The two case histories below are re- 
ported in order to add to the increasing 
knowledge of the recognition and care of 
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Fig. 1 (Case 1).—Ap- 
pearance of lesion in Sep- 
tember, 1956, after second 
local excision. 


this rapidly fatal complication of a common 
surgical disease. 

Case 1—A_ 52-year-old white woman under- 
went a left radical mastectomy in 1950 for an 
adenocarcinoma of the breast. After the opera- 
tion the patient received roentgen therapy con- 
sisting of an unknown amount directed to her left 
axilla. After the roentgen therapy she developed 
lymphedema of the left arm, most marked above 
the elbow. The patient remained well until No- 
vember, 1955, when she first noticed a small “blood 
blister” on the upper medial aspect of the left 
arm. Within three weeks this doubled in size and 
a second similar lesion appeared. The lesions 
continued to grow in size, and they were excised 
in May, 1956, at which time a diagnosis of 
lymphangiosarcoma was made. Five weeks after 
excision a recurrent lesion appeared at the periph- 
ery of the excision, and at this time the patient 
was advised to have a left forequarter amputation, 
which was refused. A second wide excision of 
the tumor was carried out in June, 1956. The 
lesion recurred in five weeks, and the patient 
was referred to the University Hospital for fur- 
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Fig. 2 (Case 1).—Appearance of recurrent 
September, 1958, 


spread of the tumor. 


ther therapy. Subsequent to this admission a wide 
block excision of the lesion was performed, and 
the defect was covered with a split-thickness skin 


graft. Five weeks after excision massive recur- 
rence of the neoplasm occurred at the periphery 
of the graft and on the lateral chest wall. The 
patient was given a total of 60 mg. of triethylene 
thiophosphoramide, over a period of five weeks, 
with no apparent change in the growth of the 
neoplasm. After this she was lost to follow-up 
for 18 months. At the next examination she was 
found to have evidence of lymphangiosarcoma 
around the area of excision, over the deltoid prom- 
inence, and around the olecranon. There no longer 
was visible tumor on the chest wall; however, 
x-rays showed pulmonary metastasis. The pa- 
tient’s course was one of progressive deteriora- 
tion, and after several episodes of hemoptysis she 
died on Dec. 2, 1958. The autopsy showed exten- 
sive pulmonary metastases of the lymphangio- 
sarcoma, and no evidence of recurrent mammary 
carcinoma could be found. 

Case 2.—A 73-year-old white woman under- 
went a right radical mastectomy in 1934 for 
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lesions in 
Note the miliary as well as massive 


adenocarcinoma of the breast. After her operation 
she received an unknown number of x-ray treat- 
ments to her chest wall and right axilla. She 
subsequently developed a moderate but unrelent- 
ing lymphedema of the entire right arm. The 
patient remained well except for a marked de- 
crease in pulmonary reserve due to radiation pul- 
In July, 1957, she was found to 
be a mild diabetic. At the same time she noticed 
a “bruise” on the medial aspect of her right arm 
just above the antecubital fossa. This “bruise” 
gradually increased in size until December, 1957, 
when it became vesiculated. The patient was re- 
ferred for excision, at which time there was a 
deeply pigmented ulcerating lesion 1.5 cm. in diam- 
eter. A wide local excision of this lesion was 
carried out, and a histologic diagnosis of poorly 
differentiated malignant neoplasm compatible with 
malignant melanoma was made. Three weeks after 
this the patient noticed recurrence of the tumor 
at the periphery of the previous excision. A wide 
performed in March, 1958, with 
skin graft covering the defect. 
The pathologic examination at this time showed 


monary fibrosis. 


excision was 


split-thickness 
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Fig. 3 (Case 1).— 
High-power photomicro- 
graph showing character- 
istic vascular channels 


lymphangiosarcoma arising in a postmastectomy, 
lymphedematous arm, and a review of the previous 
slides suggested that the first material was also 
this type of neoplasm. 

Subsequently the patient did well for six months, 
at which time a recurrent lesion was discovered 
adjacent to the previous excision, and a chest 
x-ray revealed a metastatic pulmonary lesion. A 
biopsy of the lesion of the arm confirmed the 
diagnosis of recurrent lymphangiosarcoma. The 
patient was started on triethylene thiophosphor- 
amide, 30 mg. each week, and to date has re- 
ceived a total of 220 mg. There has been no 
evidence of local recurrence during the succeed- 
ing five months, and the pulmonary metastasis has 
remained substantially unchanged. 


Comment 


Since Stewart and Treves originally 
pointed out the morphologic similarity of 
lymphangiosarcoma to Kaposi's angiosar- 
coma, there has been controversy as to 
whether this tumor is one arising strictly 
from the lymphatics or is a slight modifica- 
tion of Kaposi's disease. Histologically we 
have noted the same basic differences be- 
tween the two tumors that have been de- 
scribed by others. Although many areas in 
our preparations show various degrees of 
differentiation and could be confused with 
Kaposi’s sarcoma, the angiomatous pattern 
of lymphangiosarcoma with large vascular 
channels lacking red blood cells and lined 
with endothelial cells was prominent. All 
reported cases, including our own, have 
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several features in common that, when com- 
bined with the histologic features mentioned 
above, permit a clear-cut diagnosis. These 
features include (1) a previous radical 
mastectomy with or without axillary radia- 
tion; (2) lymphedema of the arm occurring 


Fig. 4 (Case 2).—Recurrent lesions six months 
after wide excision. 
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soon after operation (in recorded cases 
there may be two exceptions to this fea- 
ture); (3) occurrence of the lesions in the 
lymphedematous arm after a period from 
6 to 25 years, with an average of approxi- 
mately 11 years after operation; (4) lesions 
first seeming to be an area of ecchymosis, 
which enlarges with subsequent deep dis- 
coloration and vesiculation of the overlying 
skin; (5) progression of the lesion with 
induration and ulceration, followed by rapid 
local spread in adjacent areas and distant 
metastases; (6) a marked predilection of the 
lesion to occur over the medial lower aspect 
of the upper edematous arm. 


Etiology 


An outstanding peculiarity seems to be the 
presence of lymphedema prior to the ap- 
pearance of the initial lesion. Although a 
few cases are reported to have occurred in 
the absence of lymphedema, the overwhelm- 
ing incidence requires us to consider this an 
etiologic factor in its development. In over- 
weight patients mild lymphedema is difficult 
to recognize. Since there is no correlation 
between the degree of edema and the devel- 
opment of the lesion, it is understandable 
that cases seem to have occurred in the 
absence of definite lymphedema. While the 
disease has occurred in lymphedematous 
lower extremities, it is less common and it 
has not yet been reported in Milroy’s dis- 
ease, filariasis, or varicose veins. 

Roentgen therapy may be a predisposing 
factor, in that it assists in the production 
of the lymphedematous arm. The location 
of the tumor has been invariably located 
beyond the margins of the roentgen fields, 
as axillary and chest-wall radiation has been 
the rule. The usual site of origin of the 
tumor has been in the lower portion of the 
upper arm, an area entirely removed from 
the previously irradiated skin. With the 
cessation of the use of routine postopera- 
tive radiation following radical mastectomy, 
the incidence of lymphedema may decrease 
and may serve to be a prophylactic measure 
against the development of lymphangiosar- 
coma. This emphasizes the necessity for 


Fry et al. 


considerable thought and careful study be- 
fore routine postoperative irradiation fol- 
lowing radical mastectomy is recommended. 


Treatment 


The treatment of this neoplasm in our 
cases is similar to that reported by others. 
The variation in treatment in reported cases 
has included local excision, wide local exci- 
sion, forequarter amputation, and x-ray 
therapy. Two factors in common in the 
treatment of most cases including our own 
are (1) delay in diagnosis and (2) inade- 
quate local removal. 

Like most sarcomas this tumor metas- 
tasizes primarily by venous dissemination, 
with over 60% of patients dying of early 
pulmonary metastasis. Thus if operative 
methods are to be used, they should be early 
and aggressive. Such measures should be 
unusually wide excision of the skin and 
underlying musculature and vessels, or fore- 
quarter amputation. Patients are often 
reticent to accept such advice early. If for 
any reason there is delay, such measures 
will probably be ineffective as the op- 
portunity for dissemination has occurred. 
While the best result reported in the litera- 
ture was with radiation therapy, this method 
has also yielded some of the poorest results. 
One patient who survived six years after 
diagnosis was treated with roentgen therapy, 
but others similarly treated have recurrent 
tumor within three or four months after 
energetic radiation therapy. Biologic dif- 
ferences of the tumor and its response to 
radiation therapy may account for such 
discrepancy despite identical histologic pic- 
tures. 

Over-all experience with the treatment 
of this highly malignant tumor is too small 
to allow a logical form of treatment to be 
offered to each patient. At present it appears 
that early aggressive operative therapy is to 
be preferred. If radiation therapy is to be 
used, it must cover a wide, unknown field 
to include tumor cells apart from the central 
lesion in areas that are not always apparent. 
Pack has pointed out that the result from 
this type of roentgen therapy may be largely 
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negated by large areas of tissue necrosis, 
slough, and increase in morbidity. 

All patients with this disease, so far re- 
ported, have been women. To some authors 
this has suggested that this is a sex-linked 
phenomenon. The evidence seems poor, for 
carcinoma of the male breast has occurred 
in insufficient numbers to allow for a reason- 
able incidence of lymphedema. Thus there 
has been little opportunity for the disease 
to develop. In those cases reported in the 
lower extremities, however, all such cases 
have also been women, but the number of 
these, too, is very small. Perhaps the most 
unusual aspect is that all cases reported to 
date have occurred in women, while Kaposi’s 
disease occurs predominantly men. 
Whether this difference will prove to be of 
real significance or not is open to conjecture. 
Because of the possibility of a sex-linked 
phenomenon, androgen therapy has been 
suggested by Herrmann. To the growing list 
of therapeutic efforts, as a palliative meas- 
ure, we have added the use of triethylene 
thiophosphoramide. This material has been 
used in an effort to restrain the rapid dis- 
semination known to have occurred in other 
cases. In the first case it appeared to be 
completely ineffectual, while in the second 
case it may have been responsible for pre- 
venting what was anticipated to be a rapid 
decline in a patient with a local recurrence 
and pulmonary metastases. It is not recom- 
mended as a primary mode of therapy. 


Summary and Conclusions 


Two cases of lymphangiosarcoma in the 
postmastectomy lymphedematous arm have 
been presented. These cases have closely 
paralleled others previously reported in the 
following ways: 1. They occurred a number 
of years after radical mastectomy in a 
2. The 
location and the appearance of the lesion 
are similar in all cases. 3. The disease is 
highly malignant and rapidly fatal, ranking 
with our most vicious neoplasms. 4. Despite 
a wide variety of treatment most efforts 
have been highly unsuccessful, but better 
results are thought to be possible if very 


100/444 


chronically lymphedematous arm. 


A. M, A. ARCHIVES OF SURGERY 


early and very aggressive operative treat- 
ment is advised and accepted. 5. The disease 
has so far occurred exclusively in women, 
a significant difference from Kaposi’s sar- 
coma, which in other respects it resembles. 

The prevention of lymphedema is proba- 
bly of prophylactic importance and should 
be a significant factor in the recommenda- 
tion of routine roentgen therapy for those 
who have undergone radical mastectomy. 
Triethylene thiophosphoramide may be of 
some palliative benefit to the preterminal 
patient. 


Department of Surgery, University Hospital. 
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DISCUSSION 


Dr. Brock E. Brusu, Detroit: I would like to 
report one patient who had this disease and whose 
metastatic lesion has responded very well to cobalt. 
This patient had an amputation of the arm three 
years ago, and two years ago a chest shadow 
showed up which was diagnosed as a metastatic 
lesion. This was treated with cobalt, and this 
disease disappeared and to date has not returned. 

I think the possible development of this compli- 
cation of swollen arm is just one other reason 
why lymphedema of the arm should be treated 
vigorously after mastectomy. The device which 
we described two years ago before this Associa- 
tion is continuing to give very satisfactory re- 
sults in patients with lymphedema. 

I would like to compliment Dr. Fry both on his 
fine presentation and on bringing this important 
subject before this Association. 

Dr. OweEN McDonatp, Duluth, Minn.: Because 
no one has seen and followed a large number of 
these cases, I would like to add some details on 
one additional patient seen at the Duluth Clinic 
with Dr. John Sanford of the Department of 
Surgery. 

This 5l-year-old woman had had a radical 
mastectomy nine years prior to our first examina- 
tion. The operation was followed by pronounced 
painless swelling of the entire upper extremity. 
Her physician suggested that this was a rather 
frequent sequela of the operative procedure and 
that it was something that she must learn to 
accept. 

When first examined by us she stated that three 
weeks previously she had noted a rapidly increas- 
ing swelling of the extremity. Her physician ad- 
vised elevation of the arm, warm moist applications, 
and elastic dressings. When first seen by us in 


October, 1957, she was primarily concerned about 
the pain caused by the swelling or the treatment. 


[Slide] Here it can be seen that she has a 
marked swelling of the left upper extremity which 
extends to the pectoral and scapular areas. We 
suspected a lymphangiosarcoma and a biopsy veri- 
fied the diagnosis. A forequarter amputation was 
recommended, but the patient requested the privi- 
lege of having the surgery at the Mayo Clinic. 
She was transferred to the care of Dr. Mark 
Coventry of the Department of Orthopedics. He 
performed a disarticulation because he was con- 
vinced that with this operation he could get well 
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beyond the skin lesion. He found no recurrent 
breast tumor. 

The patient was recently examined, 15 months 
after surgery, and was without evidence of lym- 
phangiosarcoma or recurrent breast cancer. In 
a telephone conversation with Dr. Coventry a few 
days ago, he stated that this patient represented 
one of seven cases of lymphangiosarcoma seen at 
the Mayo Clinic. Six occurred in a postmastectomy 
lymphedematous arm and the other was found in 
the lower extremity of a patient with idiopathic 
lymphedema. 

Dr. Darrect A. CAMpBELL, Ann Arbor, Mich.: 
With squamous carcinoma of the skin following 
overexposure to x-ray, this may be one of the 
very few iatrogenic malignant neoplasms in exist- 
ence. In curing a patient of one lethal neoplasm, 
we have inadvertently set the stage for a few to 
develop a totally different but more vicious neo- 
plasm than that for which they were originally 
treated. 

There are few here, I am sure, who believe that 
the few reported actually represent the number 
of cases that have occurred. Many have been seen 
and diagnosed and treated but not reported, and 
still more have probably or possibly not been rec- 
ognized, either through a small local lesion with 
early pulmonary metastasis or death attributed to 
original mammary carcinoma. 

For the disease to be adequately treated, we have 
suggested early aggressive surgical therapy, which 
requires early recognition. There is an astonish- 
ing conformity of one case to another, in that the 
physical examination, the history, the appearance 
of the lesion, and the location of the lesion, are 
almost always identical; and if the physician is 
aware of the existence of the disease, the diag- 
nosis can usually be made prior to microscopic 
verification. 

From a practical standpoint, however, we are 
willing to concede that a woman who has been 
cured of a lethal neoplasm for 5, 10, or 20 years 
will not quickly accept the advice for a fore- 
quarter shoulder disarticulation, 
and for that reason local inadequate removals are 
the rule, such as was the case in our two patients. 

For this reason we think we must look to the 
day when this disease can be controlled by the 
isolation perfusion techniques that you have heard 
this morning, or the immunological control, or 
possibly something in the chemotherapeutic range 
which we have used only as palliative effort but 
one day may be a curative effort. 

Dr. WitttAM J. Fry, Ann Arbor, Mich.: I 
would like to congratulate Dr. McDonald on his 
early diagnosis of his case, and feel that this 
reemphasizes what we brought out in the paper. 

Dr. Campbell’s remarks were very pertinent. It 
is interesting that in our second case after the 


amputation or 
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first excision the tumor came back as a poorly 
differentiated malignant neoplasm compatible with 
malignant melanoma. After recurrence of the le- 
sion and thought on Dr. Campbell’s part that this 
probably represented a lymphangiosarcoma, this 
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point was presented to the pathologist and he 
agreed readily after reviewing the previous slides. 

I think by early diagnosis and aggressive therapy 
we can help these patients with our present arma- 
mentarium. 
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Acute Appendicitis in Children 


E. THOMAS BOLES Jr., M.D.; RICHARD J. IRETON, M.D., and H. WILLIAM CLATWORTHY Jr., M.D., 


Columbus, Ohio 


Early diagnosis of acute appendicitis in 
the preschool child and management of the 
child with peritonitis secondary to perfora- 
tion are the basic clinical problems of this 
disease in the childhood age group. Al- 
though the mortality over the past three 
decades has progressively decreased to a 
very low level, the deaths which still occur 
are almost exclusively in very young chil- 
dren, diagnosed late and with peritonitis. 
In addition the morbidity, as reflected in 
the incidence of complications and prolonged 
hospitalization, is largely confined to pa- 
tients with perforation. Diagnosis of acute 
appendicitis in the young child before 
perforation occurs can be improved by 
careful and thoughtful appraisal of the child 
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Read at the 16th Annual Meeting of the Central 
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with abdominal symptoms, by hospitaliza- 
tion with frequent evaluation of patients in 
whom the diagnosis is in doubt, and by 
expert interpretation of abdominal x-rays 
in such patients. Successful management of 
seriously ill children with perforation and 
peritonitis depends on intensive treatment 
to control the problems of shock, dehydra- 
tion, infection, distention, and hyperthermia 
before and after operation. 

Eight hundred thirty-seven cases with 
acute appendicitis have been admitted to the 
Columbus Children’s: Hospital in the past 
10 years (1949-1958), and data from this 
series and lessons gained in this experience 
provided the substance of this report. 


Diagnosis 
Although there is no reason to believe 
that the pathologic sequence of appendicitis 
in the very young differs from that in older 
patients, a typical history is frequently not 
obtained in children under the age of 6 


ACUTE APPENDICITIS 


AGE AND PATHOLOGY DISTRIBUTION 


Periorsted 

Fig. 1.—Increasing fre- 
quency of appendicitis 
with age in childhood. 
Very high incidence of 
perforation in preschool 
years, 


Mon-pertorsted 


SCHOOL 
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years. The younger the child the more dif- 
ficult is this problem. Consequently the high 
incidence of late diagnosis is reflected in a 
high proportion of perforated cases. In this 
series 67% of the patients in the preschool 
age group had perforation at the time of 


diagnosis, and in patients under 4 years of . 


age this figure is 83%. This compares with 
the over-all incidence of perforation in the 
series of 30%. The relationship of age to 
the occurrence of appendicitis, and the 
incidence of nonperforated and perforated 
cases are shown in Figure 1, Particularly 
discouraging is the fact that there has been 
no improvement in early diagnosis during 
this 10-year span. The diagnosis has rarely 
been significantly delayed once the patient 
has been hospitalized, but this reflects no 
particular credit on the hospital staff since 
the diagnosis is usually obvious by that 
time. The delay from the onset of symptoms 
to hospitalization is the significant factor, 
averaging 67 hours in the perforated cases 
in this series. Responsibility for this delay 
rests largely with the parents, but a signifi- 


cant share must be borne by physicians. 
These factors, previously documented by 
others, emphasize the necessity of a more 


vigorous educational approach to both 
parents and physicians.’* 

Abdominal pain has been repeatedly em- 
phasized as the commonest and most im- 
portant symptom of appendicitis. It usually 
is the first symptom, and is followed by 
vomiting and a slight fever. Certainly this 
triad is well appreciated, but pain in the 
young child is not always apparent to the 
parents or even to the physician. The pre- 
school child with early appendicitis loses 
his buoyant energy and becomes irritable 
and listless. He does not want to be handled 
or moved, but lies in his crib on his side 
with his knees drawn up. He often vomits 
at this stage, and this may be the first recog- 
nized indication that the child is really ill. 
Some alteration in bowel habit is usual, and 
constipation is most commonly found. How- 
ever diarrhea is commoner in this age group 
than in adults and may be misinterpreted. 
Certainly none of the above symptoms are 
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specific, and all are common in childhood 
illnesses. The probability of gastroenteritis 
or an upper respiratory infection in such 
situations often postpones a careful evalua- 
tion of the child. Education of parents to 
turn to their physicians rather than to the 
medicine cabinet for a laxative er aspirin 
would unquestionably greatly shorten the 
lag from onset to examination. 

The key to an early diagnosis for the 
physician fortunate enough to be called in 
soon after symptoms begin is localized 
tenderness. Gentleness and patience will 
usually permit a definite conclusion on the 
presence or absence of such tenderness. 
The examiner learns far more by observing 
the child’s face than by asking questions 
during the abdominal examination. The 
child winces each time the area over the 
inflammed appendix is palpated, and such 
evidence is the single most valuable indica- 
tion of appendicitis. Muscle spasm over the 
area of tenderness is also usually apparent. 
Frequently spasm is evident by watching 
the child walk, bent forward and leaning to 
the right. A rectal examination is important; 
because occasionally, when the inflamed 
tip of the appendix lies over the pelvic brim, 
localized tenderness will be found only by 
this examination. In later cases an ap- 
pendiceal abscess may be palpated only by 
this method, Obviously this procedure must 
be done with utmost gentleness, since it 
loses most of its value if the child is 
distressed by the examination itself. Peri- 
stalsis is diminished even in early ap- 
pendicitis but is increased in enteritis, a 
valuable diagnostic point found on ausculta- 
tion of the abdomen. 

If the child’s irritability prevents satis fac- 
tory palpation, or if abdominal rigidity is 
found, medication may provide an invaluable 
aid, In the former instance of an irritable 
child, a fast-acting sedative in adequate 
dosage should be given. Examination after 
the drug has taken effect will be much more 
satisfactory, and the drug will not mask 
localized tenderness. Diffuse abdominal 
rigidity is a rare sign in early appendicitis, 
and its significance should be seriously ques- 
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tioned when the other clinical manifestations 
do not indicate an advanced peritonitis. 
However, this sign often accompanies pneu- 
monia, pleurisy, or epidemic pleurodynia.* 
Morphine is specific in such a situation. The 
rigidity will completely disappear after this 
drug, and a relaxed, nontender abdomen 
will be found in the child whose rigidity 
was due to extra-abdominal disease. A 
chest x-ray is often most helpful in the dif- 
ferential diagnosis of and 
thoracic disease. 


appendicitis 


Although not diagnostic, leukocytosis is 
so common in appendicitis that its absence 
should raise the question of another diagno- 
sis if the clinical picture is not straightfor- 
ward. A white blood count of over 10,000 
was found in 95% of the patients in this 
series. A count of 20,000 or more suggests 
perforation, and was found in 38% of the 
perforated cases compared with 9% of the 
nonperforated cases. In the few patients 
with counts below 10,000, an increase in 
the proportion of polymorphonuclear leuko- 
cytes and a shift to the left was almost 
invariably found, Urinalysis is of little diag- 
nostic help, and the presence of a few white 
cells on microscopic examination is not un- 
common in appendicitis. The test for 
acetone is almost always positive, indicating 
dehydration with metabolic acidosis. 

In the child whose clinical picture is 
perplexing, a flat radiograph of the abdomen 
may be rewarded by the finding of a 


Fig. 2.—Calcified appendiceal calculus in a 
3-year-old boy with appendicitis with perforation. 
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calcified appendicolith (Fig. 2). The rela- 
tion of calcified appendiceal calculi to acute 
appendicitis has been well documented, but 
its usefulness in establishing the diagnosis 
when the symptoms and signs are not clear- 
cut deserves further emphasis.® In the last 
four years this diagnostic measure has been 
frequently used on this service, and to date 
the appendix has been acutely inflamed in 
every patient whose preoperative abdominal 
x-ray showed a calcified calculus in the 
right lower quadrant. Appendectomy shouid 
be performed promptly whenever this radio- 
logic sign is found. 

Finally, the child whose diagnosis re- 
mains uncertain after an adequate initial 
examination and whose abdominal x-ray 
shows no calcified appendiceal calculus 
must be observed repeatedly over the next 
several hours. Certainly hospitalization 
during this time is ideal for such patients. 
The abdomen is reexamined frequently, 
and the trend in the temperature and pulse 
curves noted. The white blood count is 
also checked at intervals of three or four 
hours. Either the diagnosis of acute appen- 
dicitis becomes reasonably apparent within 
a few hours, or the clinical picture follows 
a pattern that rules out this diagnosis. In 
the former instance, prompt appendectomy 
is done; in the latter, the child can usually 
be sent home. This plan of careful observa- 
tion in the hospital for the occasional doubt- 
ful case has proved very practical. Certainly 
it provides the best possible protection 
against perforation for the patient with an 
early stage of appendicitis, and is not an 
unduly expensive regimen for the child who 
proves not to have the disease.” 

The diagnostic accuracy in this series is 
about an average figure.’*? In addition to 
the 837 patients with acute appendicitis, 
there were 140 patients with a preoperative 
diagnosis of acute appendicitis whose ap- 
pendices were normal pathologically. Hence, 
of the total 977 cases, the diagnostic accu- 
racy was 85.7%. Whether or not it is 
justifiable to have a diagnostic error of 
14.3% is debatable, but with our present 
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diagnostic ability it seems far better to 
accept this figure as a “necessary evil,’ as 
stated by Cantrell and Stafford, than to 
hazard a higher percentage of perforated 
cases. There was no mortality in these 
140 cases and an exceedingly low mor- 
bidity. 

The commonly found preponderance of 
males was confirmed in this series, there 
being 501 males and 336 females. Obvi- 
ously this distribution is of no diagnostic 
help. 


Management 


Prompt appendectomy continues to be 
the only acceptable treatment for simple 
acute appendicitis. This should be done as 
a surgical emergency, and procrastination 
with antibiotics or postponement of the 
procedure to a more convenient time on 
tomorrow's schedule are to be condemned. 
The dangers of progression to perforation 
are too real and too probable to risk the 
patient’s best interests with any unneces- 
sary delay. Once the diagnosis is made, 
premedication is given and the history and 
physical examination are recorded. A com- 
plete blood count and urinalysis are per- 
formed, and shortly before induction of 
anesthesia is begun a Levin tube is passed 
into the stomach and an intravenous drip is 
started. These simple measures can all be 
completed in an hour. 

A high proportion of children with ap- 
pendicitis and perforation are seriously ill 
when first seen in the hospital. This is 
particularly true of those with diffuse peri- 
tonitis. A temperature of 103 F or higher 
and a weak pulse with a rate of over 150 
per minute are commonly found, and the 
remaining discussion of treatment applies 
to these patients. In addition to evidences 
of impending shock and hyperthermia, such 
patients are markedly dehydrated and often 
are quite distended. Immediate operation 
must not be done in such a case, since such 
a patient would thereby have an excellent 
chance of dying from irreversible shock or 
hyperthermia. These cases are properly 
considered “medical” emergencies, and in- 
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tensive efforts are necessary to bring them 
to surgery as good risks. 


Of first importance is the correction of 
hypovolemia, since large losses of protein- 
rich fluid occur as a consequence of perito- 
nitis. Blood, plasma, or 5% albumin are 
given in amounts of 5 to 10 cc. per pound 
of body weight up to 500 cc. as a single 
transfusion. A solution of equal parts of 
5% albumin (or plasma) and 5% dextrose 
in saline is a convenient and readily avail- 
able mixture which can be given rapidly 
before blood has been cross matched, and 
has proved effective as the initial intra- 
venous fluid. This is followed by electro- 
lyte-glucose solutions to initiate restoration 
of water and electrolyte losses. Further 
transfusions of colloid solutions, usually in 
volumes of 5 cc. per pound, are given as 
indicated. 


Measures against the infection are also 
begun at this time, although their effect is 
difficult to determine. Large doses of peni- 
cillin are given intravenously, and are 
accompanied by intramuscular streptomycin. 
Morphine is the drug of choice to put the 
patient at rest and is given intravenously 
at four-hour intervals. The value of this 
drug is incontrovertible. The patient is 
placed in Fowler’s position, which serves 
to make his breathing easier as well as to 
make use of gravity in localizing the pur:- 
lent exudate low in the abdomen. 


A Levin tube is passed, the stomach 
aspirated, and the tube connected to Wan- 
gensteen suction. Oxygen by tent or nasal 
catheter may be given, and is helpful not 
only for its effects against distention but 
also as an adjunct to colloid transfusion 
in the hypoxic patient bordering on shock. 
In warm weather an oxygen tent also is of 
some value as a cooling device. 


Reduction of temperature is usually ac- 
complished by sponging, use of a fan, or 
intravenously administered salicylate. If 
more vigorous measures are necessary, ice 
in thin plastic bags is packed around the 
patient and is quite efficient. We have not 
induced actual hypothermia, as advocated 


Vol. 79, Sept., 1959 


A 
q 
A 
4 
= 
ae 
+ 


ACUTE APPENDICITIS IN CHILDREN 


ACUTE APPENDICITIS 
PERFORATION— DIFFUSE PERITONITIS 


"ONSET —72 HRS. PT.A. 


OPERATION | 


Fig. 3 (Case of a 21- 
month-old white boy).— 
Appendectomy performed 
after intensive preopera- 
tive preparation for six 
hours. Preoperative ther- 
apy continued after op- 
eration. 


by Brayton and Lewis, but do consider re- 
duction of temperature to normal or near 
normal levels of major importance.® 

The concentration of this much therapy 
on one patient and a continual evaluation 
of his progress require constant care. This 
is probably best provided in an intensive 
care unit, if one has been established in 
the hospital. A closely timed graphic chart 
is kept on the patient’s vital signs, and a 
pulse below 120 per minute and a tem- 
perature below 102 F are our chief criteria 
of readiness for operation (Fig. 3). This 
may be achieved in as few as 4 hours in 
some, and in almost all within 12 hours. 
An occasional case may require 18 or even 
24 hours of such management before his 
condition appears safe for operation. In 
a very rare patient such vigorous treatment 
will fail to bring the pulse down to the 
usually accepted level, and in these in- 
stances operation should not be deferred. 
Pus under pressure in the peritoneal cavity 
will be found, and will spurt out of the 
operative wound as soon as the peritoneum 
is opened. In this unusual circumstance, 
the pulse then drops rapidly as the opera- 
tion proceeds. 

Surgery is planned to proceed expedi- 
tiously as soon as the patient’s condition 
permits. Light general anesthesia using a 
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balanced technique is induced, and muscle- 
relaxing agents are used as necessary. A 
continuously recording rectal thermometer 
monitors the patient’s temperature, which 
is controlled by running water of a desired 
temperature through coils in the rubber 
mattress on which the patient rests. A 
McBurney incision or modification of this 
incision is used in almost all cases. Appen- 
dectomy should be done in virtually every 
case, and this has been done in all cases in 
this series in the last six years. In the 
first four years of the study drainage only 
was performed in six patients with appen- 
diceal abscess, but operations on all such 
cases now include appendectomy. Also, 
during the first four-year period, 10 pa- 
tients were treated without operation, half 
with appendiceal abscesses and half with 
diffuse peritonitis. One of the latter died. 
Five of the remaining nine later returned 
for interval appendectomies. 


Morbidity and Other Data 


The importance of early diagnosis is 
perhaps best measured by noting the com- 
plication rates and the duration of hospital- 
ization in cases of acute appendicitis with 
and without perforation. In the patients 
with a simple acute appendicitis (585) 
there was a total complication rate of 6%. 
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ACUTE APPENDICITIS WITH PERFORATION 
COMPLICATIONS 


TOTAL (114) RATE — 45% 
PATIENT (90) RATE —— 36 % 


INFECTION 


Fig. 4.—High incidence of infections found in 
postoperative complications of perforated cases. 


These complications were almost invariably 
of little consequence and rarely delayed the 
period of hospitalization. In contrast, the 
total complication rate in the perforated 


cases (252) was 45% (patient complica- 


tion rate, 36%). Many of these were of a 
serious nature, and often one patient was 
besieged by several (Fig. 4). The average 
period of hospitalization for all patients in 
the series was 8.6 days. 


Those without 
perforation remained an average of 4.8 
days, those with perforation an average 
of 11.7 days. Eleven patients were rehos- 
pitalized because of complications. 

Of the 114 complications occurring in 
the perforated cases, 64 were infections; 
within the abdomen (39) or in the opera- 
tive incision (25). Pelvic abscesses made 
up two-thirds of the intra-abdominal ab- 
scesses, and there was one subdiaphrag- 
matic abscess. Most of these subsided on 
antibiotic management or drained sponta- 
neously, but eight required a second opera- 
tion for drainage. Five patients developed 
postoperative mechanical small bowel ob- 
struction, and reoperation was necessary in 
four of these. Paralytic ileus persisting 
after the third postoperative day was count- 
ed a complication, and there were 18 such 
instances. Among 27 miscellaneous com- 
plications, there were 4 examples of phle- 
bitis secondary to intravenous infusions, 
4 patients with leukocytosis on discharge, 
and 2 cases of unexplained fever. The 
remaining were single complications, and 
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APPENDICITIS WITH PERFORATION 


GENERALIZED 


PERITONITIS 


Fig. 5.—Pathology in 252 cases of appendicitis 
with perforation. 


LOCALIZED ABSCESS 


included an incisional hernia, a wound 
dehiscence, hepatitis, staphylococcal entero- 
colitis, and pneumonia. Both of the wound 
complications occurred after use of right 
rectus incisions. The remaining complica- 
tions were not of a serious nature. 

The pathology found at operation in 
cases of perforation was classified into dif- 
fuse peritonitis, localized peritonitis, and 
abscess. Their incidence is tabulated in 
Figure 5. 

The one death occurred during the first 
year of this study in a 20-month-old boy. 
He had been ill for three and a half days, 
the initial symptom being vomiting. This 
was followed by abdominal pain and dis- 
tention. Castor oil was administered. Two 
tarry stools were passed shortly before 
On admission the child was 
critically ill, with a temperature of 105 F 
and a pulse of 200. The abdomen was 
markedly distended, diffusely tender with 
muscle spasm, and peristalsis was absent. 
The child was not admitted to the surgical 
service; the diagnosis was not evident in- 
itially, although later suspected, and vigor- 
ous treatment was not instituted. He 
remained in “mild shock” although given 
intravenous dextrose and hypotonic saline 
solution. Two febrile convulsions occurred. 
Nasogastric suction was not used. Twenty 
hours after admission he developed pro- 
found shock and he died twenty minutes 
thereafter despite the rapid administration 
of 60 ml. of plasma. At autopsy acute 
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gangrenous appendicitis with perforation 
and generalized peritonitis was found. Of 
particular retrospective interest in review- 
ing this chart is a report by the radiologist 
on a flat film of the abdomen, noting a 
“rounded dense shadow of calcium density 
just above the iliac crest on the right.” 


Summary 


Earlier diagnosis remains the most chal- 
lenging clinical problem in acute appendi- 
citis in children. The very high incidence 
of perforation, particularly in preschool 
children, and the enormously increased 
morbidity in the perforated cases empha- 
size the importance of this problem. In 
this series of 837 cases, 3 out of 10 pa- 
tients had perforation, and this proportion 
increased to 2 out of 3 in the preschool age 
group. The complication rate in the pa- 
tients with perforation was seven times that 
of those with simple acute appendicitis. 

A program to increase the incidence of 
sarly diagnosis includes the following: (1) 
a careful initial appraisal of the child with 
abdominal pain, particularly a search for 
localized tenderness, with the use of seda- 
tion or analgesia in selected circumstances; 
(2) a flat film of the abdomen in uncertain 
cases to look for calcified appendiceal cal- 
culi, and (3) hospitalization of cases in 
which the diagnosis is not clear for the 
purpose of periodic reevaluation of the 


child. 


The seriously ill child with appendicitis 
and perforation with peritonitis demands 
intensive therapy prior to surgery to con- 


trol the shock, dehydration, distention, 
infection, and hyperthermia. With the 
child’s condition improved by the appro- 
priate measures and with a_ temperature 
below 102 F and pulse below 120, operation 
is performed which should include removal 
of appendix. 


17th St. at Livingston Park. 
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DISCUSSION 


Dr. E. THurston TuieMe, Ann Arbor, Mich.: 
I have greatly enjoyed this presentation and must 
congratulate the authors not only on the way the 
material was presented but on the remarkably low 
mortality they have reported in their abstract. 
Realizing the limits of a 10-minute presentation, I 
would like to ask two questions for further 
information. 


What was your per cent of error in diagnosis 
of acute appendicitis in those operated on for 
emergency ? 

Recently we have reported from St. Joseph's 
Hospital, Ann Arbor, 15-year experience with 
acute appendicitis, and we regret to say that we 
found 20% of those appendices removed as emer- 
gencies did not have acute purulent appendicitis. 

Judging from the correspondence we have had 
with other institutions, this has become a fairly 
accepted error, and has been used by tissue com- 
mittees as a yardstick to judge the work of their 
members. 

The second question I would like to ask is this: 
Did you note anything in the epidemiology of 
acute appendicitis in children? 

The reason for asking this is that Ann Arbor, 
which is presumably an enlightened community, 
seems to be swept every now and then by what 
is colloquially called “the crud.” This consists 
of varying amounts of nausea, vomiting, diarrhea, 
and abdominal pain. We felt that following this, 
or sometimes toward the end of one of these 
sweeps, we would see rather peculiar varieties of 
acute appendicitis, particularly in children, often 
with white counts of 3,000 or 4,000 and an ex- 
tremely necrotic appendix. 
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At the request of Dr. Thomas, who runs the 
School of Public Health, we turned the data over 
to him, and he correlated it with the information 
he keeps as a running account of the health of 
Ann Arbor. We felt there was rather signifi- 
cant correlation between certain months of the 
year and these sweeps of our local disease. How- 
ever, I did not feel that statistics were enough 
to warrant publication, so as a second question, 
I would like to ask if you have noted any 
epidemiology in acute appendicitis in children. 

Again, I would like to congratulate the authors 
on their excellent presentation and the remarkable 
mortality of only one death in 800 cases. 

Dr. Eucene A. Ostus, Detroit: I also would 
like to compliment the authors on their presenta- 
tion and on their very brilliant results. 

We have been interested at the Children’s Hos- 
pital in Detroit in this situation for a good period 
of time. A remark was made about the education 
of parents, which I believe is very apt, but should 
be extended to the medical profession as well, and 
I think this subject, trite as it may seem in the 
light of present-day advances, is worth bringing 
up from time to time at various local meetings. 

The child with an abscess should be watched 
extremely closely. Children don’t wall off very 


well, partly because the omentum is poorly de- 
veloped and also because the abdominal cavity is 
small in relationship to the other organs; hence, 


any beginning mass should be carefully marked, 
and watched at least two or three times a day. 
Any increase in size of the mass, as far as I am 
concerned, is an indication for draining it. 

I have unfortunately had the experience twice, 
while waiting for the mass to wall off, so to speak, 
of having the mass rupture and the child die within 
an hour or two thereafter. I know of one other 
such instance, reported to me by a _ pediatrician. 
I have also consulted many surgeons with wide 
experience who have never seen this happen. 

The other point that occurs to me which might 
be mentioned, and which we have found extremely 
helpful in diagnosis, is a rectal examination. We 
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think this is most essential, and sometimes it is 
the only way of eliciting any tenderness in the 
lower quadrant. I would say that this is almost 
more important that doing the abdominal examina- 
tion itself. We have found it very helpful. 

Our white counts are often confusing, as Dr. 
Thieme has pointed out. The most gangrenous 
sometimes have the lowest count. Generally speak- 
ing, our mortality has been good at The Children’s 
Hospital. I haven’t reviewed it recently, but we 
ran a series of some 700 cases with one death, 
and this was due to a transfusion reaction. 

Prompt response 24 hours of the day on the 
part of the attending staff is also a sine qua non 
for successful results. 

Dr. Ancus D. McLacuuiin, London, Ont., 
Canada: I would like to compliment Dr. Boles 
and ask him a single question: How important 
is it to get the appendix out? How hard have 
you striven to remove the appendix from a well 
walled-off abscess? 

Dr. E. THomas Botes Jr., Columbus, Ohio: I 
would like to thank the discussants for their 
remarks. 


In answer to Dr. Thieme’s question, we had an 
error of 14%; in other words, there were 140 
cases operated on with a preoperative diagnosis 
of acute appendicitis who did not have it. 

Insofar as the question on epidemiology is con- 
cerned, I really cannot answer it too well except 
to say that we did not find any particular seasonal 
incidence in our cases to suggest respiratory in- 
fections, for instance, as possibly being significant 
in predisposing to acute appendicitis. 

In regard to Dr. McLachlin’s question, we be- 
lieve that removal of the appendix actually is quite 
important, and in the last five years in every in- 
stance of appendiceai disease, perforated or not, 
with an abscess or with peritonitis, either local- 
ized or diffuse, the appendix has been removed. 
Certainly if this proved to be an unusually diffi- 
cult technical problem, which ordinarily it is not, 
I would think it would be proper simply to drain. 
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Hirschsprung’s Disease in Infants 


THEODORE C. JEWETT Jr., M.D.; LEON J. LEAHY, M.D., and JOHN LANIGAN, M.D., Buffalo 


Introduction 


Until recently, the clinical course of 
aganglionic megacolon was considered to 
be of a chronic and protracted nature with 
obstipation as the presenting symptom. In 
the past few years, however, several ex- 
cellent papers have appeared by Dorman 
and Sieber and Girdany? in which the 
severe and fulminating course of sympto- 
matic Hirschsprung’s disease in infants has 
been described. Because Hirschsprung’s 
disease is still associated with chronic con- 
stipation in the minds of many physicians 
and consequently not thought of when an 
infant presents with an acute fulminating 
process, it was felt worth while to review 
the experience in the past 10 years at the 
Buffalo Children’s Hospital with this dis- 
ease in the very young infant. 

The cases selected for this review were 
all under 6 months of age at the time of 
their hospital admission, and all had had 
disabling symptoms starting before the age 
of 1 month. A total of 26 cases were in- 
cluded in this study. 

It soon became apparent that these in- 
fants could be grouped into three main 
categories based on the age when their 
disease became so acute that hospitalization 
was necessary. The presenting symptom- 
atology in each age group is also included 
as a subheading in the following outline. 

Group I: birth to 6 days 

Intestinal obstruction 
Group II: 1 week to 3 months 

1. Septicemia 

2. Peritonitis 

Submitted for publication Feb. 27, 1959. 

Supported by the Wood and Brooks Company. 

Read at the 16th Annual Meeting of the Central 
Surgical Association, Montreal, Feb. 21, 1959. 

From the Department of Surgery, Buffalo Chil- 


dren’s Hospital and the University of Buffalo 
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3. Ulcerative colitis 

4. Intermittent obstruction 
Group III: 3 months to 6 months 

Malabsorption syndrome 
This classification will be used as a 
framework for the following discussion in 
an attempt to clarify the clinical picture of 
this disease process in infants. 


Clinical Picture 


The clinical picture in Group I patients 
with Hirschsprung’s disease presents in a 
fairly definite pattern, and should be recog- 
nized without difficulty if the physician is 
aware of their characteristics. This form 
of aganglionic megacolon becomes appar- 
ent within the first week of life as an acute 
intestinal obstruction. There were 12 in- 
fants in Group I and all presented with 
abdominal distention, vomiting, and either 
scant or absent passage of meconium since 
birth. Passage of meconium for the first 
time following rectal examination aroused 
a high degree of suspicion as to the diag- 
nosis. However, in several instances when 
the aganglionic segment was extensive and 
involved either the complete descending 
colon or entire colon and terminal ileum, 
no passage of meconium followed digital 
examination of the rectum. Flat and up- 
right x-rays of the abdomen were often 
misleading as to the true nature of the 
lesion. The most frequently confused 
roentgen diagnoses were those of ileal 
atresia, meconium ileus, and midgut volvu- 
lus. Because of the difficulty in differen- 
tiating dilated large and small bowel on 
plain x-ray studies in infants, barium enema 
examination is now performed on any new- 
born to eliminate this confusion. Barium 
enema in the early stages of Hirschsprung’s 
disease may not always delineate a typical 
narrowed rectosigmoid, but will only show 
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that the dilated intestine seen on the plain 
x-ray examination is large bowel. If this 
procedure is followed, the correct diagnosis 
can be made preoperatively and a much 
more extensive operative procedure pre- 
vented. In Hirschsprung’s disease involv- 
ing the entire colon and terminal ileum, 
barium study shows the “microcolon” seen 
in any obstructive lesion in the newborn. 
However, a differentiating point is that the 
contrast medium will not be evacuated for 
as long as 24-48 hours in Hirschsprung’s 
disease, while in other obstructive lesions 
it is promptly expelled. 

There were nine infants between 1 week 
and 3 months of age who satisfied the 
requirements to be placed in Group II. 
The symptom complex found in_ these 
babies was more varied than in the early 
neonatal group previously described. In all 
instances, however, the symptoms could be 
attributed to the eventual decompensation 
of the colon by the obstructing aganglionic 
segment. During the prodromal period 
prior to the acute episode, all these babies 
had a definite history of abdominal disten- 
tion, obstipation, and occasional emesis 
dating back to the first week of life. How- 
ever, once decompensation of the colon 
occurred, the acute phase was manifested 
by various different symptom complexes. 
Three infants were admitted to the hospital 
with generalized peritonitis due to bacterial 
invasion of the distended intestinal wall, 
and all died in spite of colostomy and ex- 
tensive antibiotic and fluid therapy. Two 
other babies were treated for overwhelming 
sepsis, and it was only after their death 
that necropsy revealed the source of the 
blood stream invasion to be Hirschsprung’s 
disease. Of the remaining four infants, 
two were admitted with bowel obstruction 
which relented and then recurred, and the 
other two had the typical picture of ulcera- 
tive colitis with severe diarrhea associated 
with blood and mucus. Initial barium 
studies in these latter four cases were in- 
conclusive in making a _ diagnosis of 
Hirschsprung’s disease, and it was only by 
repeat roentgen studies that the aganglionic 
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segment became obvious. Rectal biopsy 
was necessary for confirmation in one case. 
It becomes apparent in this second group of 
infants that greater salvage can be expected 
only if the diagnosis is suspected early and 
prompt treatment instituted. 

Those babies placed in Group III are 
those cases that are approaching the clas- 
sical concept of aganglionic megacolon. 
Even in this group the symptomatology 
remains bizarre enough to obscure the true 
nature of the disease. Five infants were 
grouped in this category. All of them were 
admitted to the hospital with such diag- 
noses as “malabsorption syndrome,” celiac 
disease, and feeding problem. All were in 
a serious state of malnutrition. After care- 
ful questioning, vomiting, distention, and 
obstipation were found to have been present 
since birth. The diagnosis of Hirsch- 
sprung’s disease in all instances was highly 
suggestive when rectal examination revealed 
an empty rectal segment followed by ex- 
plosive foul stool on removal of the exam- 
ining finger. The diagnosis was confirmed 
in all instances by barium enema. 


Management 


Our present ideas on the management of 
infants with aganglionic megacolon are 
based upon our experiences with this con- 
dition over the past 10-year period. It is 
hoped that this critical evaluation will help 
prevent a repetition of our errors by others. 
The accompanying Table summarizes our 
results. 

The interpretation of these results re- 
quires careful evaluation before definite con- 
clusions can be drawn. At first glance 


Results of Treatment in Hirschsprung’s Disease 


Colostomy (17 cases) 
Deaths — 6 cases (35%) 
Perforated with peritonitis 
Extensive aganglionic 
Inadequate colostomy 
No Colostomy (9 cases) 
Deaths — 2 cases (22%) 
Septicemia with visceral 
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HIRSCHSPRUNG’S DISEASE IN INFANTS 


colostomy would not appear to be the treat- 
ment of choice in view of the higher mor- 
tality associated with this procedure. 
However, more careful scrutiny shows that 
the three cases listed as “perforated with 
peritonitis” were all desperately ill infants 
with generalized peritonitis who underwent 
surgery in an effort to salvage an irre- 
versible process. The critical condition of 
those children before corrective measures 
could be undertaken was obviously the 
result of delay in arriving at the correct 
diagnosis. The two cases with “extensive 
aganglionic segment” died as a result of 
multiple operative procedures prior to sus- 
pecting the correct diagnosis. Therefore 
these deaths also could be attributed to a 
delay in diagnosis. The only mortality in 
which the surgical procedure played a dele- 
terious role was a premature infant who 
had an inadequate operation. The colos- 
tomy was placed in an aganglionic segment 
of bowel; as a result, the baby continued 
to have intermittent episodes of severe 
diarrhea with a gradual downhill course and 
death two months after surgery. There 
were two infants who died without having 
surgery performed. In both cases, the diag- 
nosis was unsuspected until autopsy dis- 
closed the source of the septicemia and 
multiple visceral abscesses to be a complica- 
tion from the associated Hirschsprung’s 
disease. 

It would appear that the high mortality 
can be attributed largely to delay or failure 
in making the correct diagnosis. Surgical 
decompression of the distended bowel and 
valiant supportive treatment cannot be ex- 
pected to correct a condition which has 
been allowed to progress to its terminal 
stages before a correct diagnosis has been 
made. 

The severe morbidity in many of the 
infants who survived is not reflected in our 
results. Many of them were in acute dis- 
tress for unnecessarily long periods of time 
until the diagnosis was suspected. The dra- 
matic improvement, following colostomy, 
offered conclusive proof that this was the 
only form of treatment and that it should 
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be done early, before the lethal complica- 
tions of Hirschsprung’s disease can occur. 


As a consequence of our experiences, it 
is obvious that two major changes are nec- 
essary to salvage a greater number of these 
infants. The first and most important is 
a greater awareness of the manifold pre- 
senting picture in this age group and con- 
sequent earlier diagnosis. Secondly, the 
importance of a temporary colostomy once 
the diagnosis has been established cannot be 
overemphasized. Temporizing with any 
other form of management is courting dis- 
aster. However, it should be remembered 
that infants presenting as a problem in 
intestinal obstruction can often be decom- 
pressed by digital dilation of the rectal 
canal and irrigations with a soft rubber 
catheter. Elective colostomy can then be 
done under more ideal conditions. Infants 
with peritonitis from perforation obviously 
should have colostomy as soon as the child’s 
condition is maximally improved by hydra- 
tion, blood, and antibiotics. Those present- 
ing with diarrhea or severe malnutrition 
may also be improved prior to colostomy 
by manual and tube decompression per 
rectum. 


Conclusions 


Several conclusions can be drawn from 
our experience with this disease. First and 
foremost is that aganglionic megacolon is a 
commoner cause of severe morbidity and 
death in infants than is generally realized. 
The symptomatology is bizarre and unpre- 
dictable, and the diagnosis can be estab- 
lished early only by a high index of 
suspicion when certain symptom complexes 
described in this paper are encountered. 
Awareness of the varied symptomatology 
should alert the physician so that the diag- 
nosis may be confirmed by roentgen exam- 
ination and rectal biopsy. Once the 
diagnosis is made, colostomy is mandatory 
until the child is old enough for a definitive 
operative procedure. If colostomy is not 
done and temporizing measures are at- 
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tempted, this disease will continue to have 
an unnecessary and unwarranted mortality. 


219 Bryant St. (22). 
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DISCUSSION 


Dr. CAMPBELL FerGusoN, Winnipeg, Man., 
Canada: Dr. Jewett very kindly asked me to dis- 
cuss his paper. I think this is a very worth-while 
presentation, and it needs emphasizing that the 
clinical picture of Hirschsprung’s disease occurring 
in infants varies greatly from that seen in older 
children. 


Because of the difficulty in distinguishing Hirsch- 
sprung’s disease from other causes of low intestinal 
obstruction in the newly born infant, at most 
pediatric surgical centers it is now routine to per- 
form a barium enema examination, as well as the 
usual flat and upright abdominal films. 


By this 
examination, the true nature of the obstruction 
can be determined, and appropriate treatment car- 
ried out. 

In small infants with Hirschprung’s disease, how- 
ever, the barium enema does not always present the 
classical findings associated with this disease in 
the older age group. The typically dilated proximal 
colon funneling into a relatively narrowed recto- 
sigmoid may not have had sufficient time since 
birth to become apparent. In establishing the cor- 
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rect diagnosis in these babies, one finding has been 
of particular help to us, and this is that these 
infants will not expel the enema, but will retain 
the barium for several days. Thus any infant who 
is suspected of having intestinal obstruction but 
who has a colon of normal size, and yet who does 
not evacuate the barium, should be suspected of 
having Hirschsprung’s disease. 

Many of these babies, once they get entero- 
colitis, are in a precarious state. They suffer from 
electrolyte and fluid deficiencies, and they can 
die suddenly. Therefore, I think that once the 
diagnosis has been established, a colostomy proxi- 
mal to the aganglionic segment should be per- 
formed. If this is done before the development of 
enterocolitis, the prognosis is good, but if infection 
has already occurred, the mortality rate will be 
high. 

At the time of colostomy, I think it is important 
that frozen-section examination of the bowel wall 
at the site of the colostomy be performed, to 
confirm that the colostomy is proximal to the 
aganglionic segment. 

Dr. THEoporE C, Jewett Jr., Buffalo: I would 
like to thank Dr. Ferguson for his discussion of 
the paper. I did not attempt to go into surgical 
technique as far as the site of the colostomy and 
rectal biopsy are concerned, but I would like to 
say briefly that at the present time we do sigmoid 
colostomy cr descending colon colostomy, depend- 
ing on the extent of the aganglionic segment. 

Also, even though we have had characteristic 
x-ray findings of Hirschsprung’s disease, we will 
do a rectal biopsy to confirm this before we do 
the pull-through. 

I might add that these infants we are talking 
about all have colostomies until they are at least 
18 months of age, and usually we wait until 2 
years of age before doing the definitive pull- 
through procedure. 
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Epiphrenic Diverticulum of the Esophagus 


Surgical Treatment 


DONALD B. EFFLER, M.D.; DAVID BARR, M.D., and LAURENCE K. GROVES, M.D., Cleveland 


Introduction 


Epiphrenic diverticulum is an uncommon 
entity comprising less than 10% of all 
esophageal diverticula.!| Occurring in the 
lower third of the esophagus, usually within 
the distal 10 cm.,? it is a false diverticulum, 
as its wall is primarily mucosa. The epi- 
phrenic diverticulum, like Zenker’s pharyn- 
goesophageal diverticulum, is classified as 
a pulsion type. Mondiére* described this 
lesion in 1833 and suggested that its etiol- 
ogy was related to increased intraluminal 
pressure. Since that time little has been 
added that explains the exact cause of this 
acquired defect. Some related facts have 
been observed and have been published in 
the few reports devoted to this entity. In 
about 65% of cases, associated cardiospasm 
occurs. Hiatal hernia and diffuse esopha- 
geal spasm? have also been observed in 
conjunction with epiphrenic diverticulum. 
Kay® made a significant observation when 
he described hypertrophy of the inferior 
constrictor muscle of the terminal esopha- 
gus distal to the diverticulum. 


Clinical Features 


The epiphrenic diverticulum usually is 
encountered in middle life. It may be com- 
moner in men, but adequate statistical data 
are lacking. Like the pharyngoesophageal 
diverticulum the symptoms are progressive 
in intensity and proceed from mild dys- 
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phagia to painful obstruction of the lower 
esophagus. The symptoms usually are re- 
lated to swallowing, and obstruction may 
follow shortly after the meal has begun. 
Pain can be a real feature, and this may 
be explained partly by distention of the sac 
with ingested food. Immediate regurgita- 
tion of food is common, but bronchial 
aspiration does not occur as it can with the 
pharyngoesophageal counterpart. The pa- 
tient aids diagnosis as he identifies the level 
of obstruction at the terminal esophagus 
rather than at the cervical area. Often the 
location and the character of the postpran- 
dial discomfort may simulate angina pec- 
toris. 

The diagnosis of epiphrenic diverticulum 
is suspected on the basis of history alone, 
but it will be confirmed by appropriate 
esophagrams. The usual upper gastroin- 
testinal study with barium will demonstrate 
the diverticulum immediately above the 
diaphragm. If the sac is large, the lesion 
may be mistaken for hiatal hernia; this is 
an understandable error since epiphrenic 
diverticulum and hernia of the esophageal 
hiatus frequently coexist. When oblique 
views are taken the diverticulum neck may 
be brought into sharp relief and the diag- 
nosis becomes apparent. 

Endoscopic examination is not necessary 
to establish the diagnosis of epiphrenic 
diverticulum. In fact, instrumentation of 
any type may be quite hazardous as the 
esophagoscope or gastroscope invariably 
will enter the diverticulum rather than pur- 
sue the conventional anatomic pathway to 
the esophagogastric junction. An explana- 
tion for this preference will be discussed 
in more detail. 
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Experience 


In the past eight years the diagnosis of 
epiphrenic diverticulum has been made in 
only seven patients at the Cleveland Clinic. 
We operated upon six of those patients, 
four of whom were women, and all were in 
the fifth or sixth decade of life. 

Pain and dysphagia occurred in all pa- 
tients except one patient, in whom anemia 
was the presenting complaint. Regurgita- 
tion was described by the patients in whom 
obstruction developed during the act of eat- 
ing. It is most likely that obstruction fol- 
lows esophageal compression caused by the 
distended sac, since it occurs abruptly after 
onset of dysphagia. Reflux of undigested 
food hours after a meal was not a feature. 
In five of the patients a hiatal hernia was 
present, and it is quite likely that the 
pyrosis was attributable to the gastritis 
within the thoracic stomach. The duration 
of symptoms varied from less than 1 year 
to more than 20 years, and in three of the 
patients the symptoms were considered to 
be disabling. 

In all of the patients the diagnosis was 
established by esophagrams. In only three 
of these patients could the coexisting hiatal 
hernia be demonstrated by the diagnostic 
films. Endoscopic examination was not per- 
formed in any of these patients. 

Of the six patients who underwent oper- 
ative correction, all but one patient were 
relieved of their presenting symptoms and 
none have shown recurrence. The one bad 
result occurred in a patient who died on the 
30th postoperative day. That patient had 
severe obstruction for 20 years; she was 
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Fig. 1—Selected films 
from three different pa- 
tients with  epiphrenic 
diverticulum. Some de- 
gree of associated hiatal 
hernia was demonstrated 
in each. The neck of 
the diverticulum sac is 
brought into sharp relief 
by selective rotation of 
the patient. 


admitted to the hospital with severe ca- 
chexia, generalized arteriosclerosis, and 
rheumatoid arthritis that had been treated 
by steroid therapy for the preceding five 
years. This patient showed little tendency 
toward normal wound healing, and an 
esophagopleural fistula developed with re- 
sultant empyema and ultimate death. 


Treatment 


The accepted, definitive treatment for 
epiphrenic diverticulum has been surgical 
excision. Goodman and Parnes * reviewed 
all of the cases reported until 1952 and 
added two of their own cases. Since then, 
De Bakey and Creech,® Lahey and Warren,” 
Parsons,® Habein and associates,? Sweet,® 
and Naclerio '® have reported their experi- 
ences. These authors advocate a one-stage, 
transpleural diverticulectomy with recon- 
struction of the esophageal wall. Resection 
has been advocated only in the complicated 
case where a fibrous stricture of the esoph- 
agus has been found and simple diverticu- 
lectomy would not suffice. For the most 
part, surgical treatment has consisted of 
simple diverticulectomy, reconstruction of 
the esophageal muscularis, and reduction 
of a coexistent hiatal hernia. 

It is our belief that simple diverticulec- 
tomy for excision of the sac fails to meet 
the requirements for surgical cure in every 
patient. Although we found no reference 
to the incidence of recurrence of epiphrenic 
diverticulum following surgical repair, a 
number of unofficial reports of unhappy 
results have been brought to our attention. 
The paucity of a large series in recent lit- 
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erature would certainly explain why data 
on long-term follow-up studies are not 
available. 

This is a pulsion diverticulum. To ex- 
plain such a “blowout” of the terminal 
esophagus, one must postulate obstruction, 
physiologic or organic, immediately below 
the diverticulum. In association with this 
we are reporting on three features of epi- 
phrenic diverticulum which were encoun- 
tered in each of the six patients operated 
upon for this disease. Admittedly this is 
a small group of patients, but the findings 
in this anatomic variation were strikingly 
consistent. One of these features has been 
described by Kay® and another by Habein 
and associates.” As stated before, the fre- 
quency of this lesion is not such that many 
surgeons will have the opportunity to re- 
port a large series. It is our hope that the 
surgical technique to be described, and its 
relation to the three specific features, will 
serve a useful purpose. 

1. Inferior Constrictor Muscle—A con- 
sistent finding in all patients with epi- 
phrenic diverticulum is the presence of 
hypertrophic circular muscle in the esoph- 
agus distal to the diverticulum itself. Kay ® 
appears to be the first to emphasize this 
important detail. The exact significance of 
the circular muscle in the causation of 
epiphrenic diverticulum cannot be stated. 


Fig. 2.—Schematic il- 
lustration of epiphrenic 
diverticulum, its relation 
to the terminal esophagus, 
and the position of the 
mucosal diverting flap. 
The cross-section diagram 
made at the level of the 
diverticulum neck  sug- 
gests the reason for di- 
version of esophageal 


contents into the sac. 
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However, the recognized frequency of as- 
sociated cardiospasm and the consistent 
finding of this hypertrophic muscle at the 
time of surgery provide food for thought. 
In one of our patients this segment of 
muscle was gritty-hard, similar to that 
encountered in congenital pyloric stenosis. 
On the basis of Kay’s® report and the 
limited experience presented in this report, 
it is our firm conviction that epiphrenic 
diverticulectomy should be accompanied by 
an adequate esophagomyotomy that extends 
from the sac to the cardia of the stomach. 
If spasm of the inferior constrictor muscle 


plays any part in initiation of the divertic- 


ulum, then it is reasonable to assume that 
spasm will contribute to its recurrence if 
it persists after diverticulectomy. 

2. Hiatal Hernia.—The second feature 
of epiphrenic diverticulum is the frequent 
coexistence of hiatal hernia. Whether this 
coincidence is explainable on the basis of 
the age group of the patient, or on a pos- 
sible etiologic relationship, cannot be an- 
swered. The frequent association of hiatal 
hernia, however, has been commented upon 
by others who have written on this subject. 
When both are present there is bound to 
be overlapping of the symptoms. Failure 
to recognize both lesions may lead to ulti- 
mate disappointment as regards curative 
treatment. 
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3. The Diverting Flap.—The third find- 
ing associated with epiphrenic diverticulum 
has not been emphasized in reports on this 
subject. The fact that ingested food is 
routed into the sac was of interest to us, 
but the underlying reason was not known. 
It was observed at operation that the tip of 
the decompression tube invariably entered 
the sac rather than following the route in- 
tended by the surgeon. The explanation for 
this did not become apparent until the 
third operation of our series. At this time 
particular care was taken to inspect the 
esophageal lumen as the sac was removed. 
We observed a rim or flap of esophageal 
mucosa adjacent to the orifice of the neck, 
but located on the opposite side of the 
esophagus. This has been present in the 
last four patients that we have operated 
upon, and it may be a constant feature of 
epiphrenic diverticulum. 

If this diverting flap of esophageal mu- 
cosa is a feature of epiphrenic diverticulum, 
as we believe it to be, then it may well 
explain the detour route to the sac itself. 
The origin of this flap is a matter of con- 
jecture only. Possibly the mucosal hernia- 
tion, limited to the specific area of the 
muscular rent, produces an annular traction 
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Fig. 3—Schema of op- 
erative correction, The 
figure on the left il- 
lustrates the technique of 
linear esophagomyotomy. 
The muscular incision is 
made from the lowest 
portion of the muscular 
rent below the neck of 
the diverticulum. The 
myotomy transects all 
circular muscles of the 
distal esophagus below 
this point. Adequate ex- 
posure requires incision 
of the phrenoesophageal 
ligament at the hiatus. 
After myotomy the sac 
proper is excised. The 
open technique is prefer- 
able as it will permit di- 
rect inspection of the 
esophageal lumen at this 
level. 


on that mucosa that remains within the 
tubular esophagus. Although the reason for 
its existence is not settled, we believe that 
the diverting mucosal flap is a part of epi- 
phrenic diverticulum and suggest that its 
presence or absence be determined when 
diverticulectomy is to be performed. 


Operation 


The operative technique for epiphrenic 
diverticulum basically is simple. To pro- 
vide ideal exposure for this entity, we favor 
a left thoracotomy, which permits at the 
same time a proper reduction of coexistent 
hiatal hernia, if this is indicated. Once 
exposure has been established, the distal 
esophagus is then mobilized above and be- 
low the diverticulum. Great care is taken 
to protect the vagus nerves. The phreno- 
esophageal ligament and the reflected peri- 
toneum are then incised to expose the 
anterior wall of the stomach. This exposure 
assists in the reduction of a coexistent 
hiatal hernia, but, more important, it per- 
mits a proper esophagomyotomy to be done 
below the diverticulum itself. 

As soon as the preliminary dissection 
and mobilization are complete, the sac and 
the edges of the muscular defect may be 
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Fig. 4—When the di- 
verting mucosal flap is 
present partial excision 
may accomplished 
through the open neck of 
the excised sac. 


exposed by sharp dissection. We then per- 
form a myotomy, beginning at the depend- 
ent portion of the muscular rent, exposing 
the underlying esophageal mucosa, and 
carrying this muscular incision down to the 


anterior wall of the stomach. Meticulous 
care is taken to transect all low-lying cir- 
cular fibers of the esophageal muscularis. 

After a careful myotomy has been per- 
formed, the diverticulum sac is prepared 


Fig. 5.—Closure of the diverticulum neck by inversion of the mucosa is best accomplished 
with interrupted sutures. The mucosal suture line may be reinforced by approximation of the 
muscularis coat at this level. Reconstruction of the esophageal hiatus itself is mandatory. This 
is easily accomplished with a series of mattress sutures used to secure the proximal cut edge 


of the phrenoesophageal ligament to the under surface of the diaphragm. 


Each suture 1s 


brought through the esophageal hiatus and secured to the tendinous dome of the diaphragm. 
This technique accomplished by a long curved instrument or needle obviates the necessity of a 


diaphragmatic counter incision. 


E et al. 
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for excision. On occasion, inspissated food 
will be present, and the usual precautions 
against gross soilage within the thoracic 
cavity must be taken. Excision of the sac 
by transection of its open neck is the pre- 
ferred method. This permits direct visual 
inspection of the esophageal lumen and 
partial excision of the intraluminal mucosal 
flap. If the diverticulum is excised by a 
closed method, inspection of the esophageal 
interior is not possible and this diverting 
flap may not be recognized. The mucosal 
defect is then closed by inverting silk 
sutures. This closure may be reinforced 
by approximating the muscular rent imme- 
diately over the mucosal suture line. The 
operation is completed by thorough recon- 
struction of the esophageal hiatus with 
repair of any coexistent hiatal hernia. 
Since the phrenoesophageal ligament has 
been transected, the proximal cut edge must 
be fixed to the under surface of the dia- 
phragm. This is easily accomplished by 
a series of mattress silk sutures brought 
through the hiatus and back to the pleural 
space through tiny stab wounds in the 
tendinous dome of the diaphragm. The 
same might be accomplished by counter 
incision, but it is not necessary. 


Comment 


This report is concerned primarily with 
three anatomic features of epiphrenic diver- 
ticulum and their bearing on proper sur- 
gical correction of this uncommon lesion. 
The majority of published reports have 
described a simple diverticulectomy not un- 
like that employed for pharyngoesophageal 
diverticulum through a cervical approach. 
We believe that simple diverticulectomy 
may be followed by an appreciable rate of 
recurrence. This idea persists on the basis 
of a number of personal communications 
describing such unhappy results. If such 
is the case, then a search for further im- 
provement in operative technique is justi- 
fied. 

The observation of Kay® relative to 
muscular hypertrophy immediately below 
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epiphrenic diverticulum deserves particular 
mention. It may well be that cardiospasm 
on the basis of this hypertrophic muscle 
may be associated with increased intra- 
luminal pressure, and that this secondary 
effect might extend the diverticulum, if not 
initiate it. The frequency of dysphagia in 
patients with epiphrenic diverticulum can- 
not be overlooked. It is quite possible that 
the dysphagia has two explanations: (1) 
spasm of the inferior constrictor muscle; 
(2) extra-esophageal compression, as the 
diverticulum becomes impacted with in- 
gested food. In our opinion, there is logic 
to support the recommendation that a rou- 
tine myotomy accompany epiphrenic diver- 
ticulectomy, Certainly this simple procedure 
adds little to the magnitude of the operation 
and may well influence the ultimate surgical 
result. 

The need for recognition and repair of 
coexistent hiatal hernia is obvious. If both 
diverticulum and hernia are present, then 


Fig. 6.—A, radiographic study of epiphrenic di- 
verticulum with small hiatal hernia and comparable 
postoperative film. Note the slight mucosal bulge 
at the myotomy site. B, large epiphrenic divertic- 
ulum and its comparable postoperative roentgeno- 
gram. 
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the ideal repair cannot be anticipated unless 
both are corrected. There is a disturbing 
overlap in the symptoms of each and, when 
both are present, the complete operation 
will offer great rewards. If hiatal hernia is 
not present, care must be taken to recon- 
struct the esophageal hiatus after proper 
myotomy has been performed. It is our 
firm conviction that adequate myotomy will 
invariably transect a portion of the phreno- 
esophageal ligament, if the lowest circular 
fibers of the esophageal muscularis are to 
be divided. Failure to reconstruct properly 
the disturbed esophageal hiatus may encour- 
age subsequent herniation or reflux esoph- 
agitis. 

The esophageal mucosal flap and its ap- 
parent diverting properties have not been 
described in the reports that have come to 
our attention. The validity of our observa- 
tions in regard to this entity will be tested 
by others interested in this subject. The 
fact that our observation has been con- 
firmed in only four patients, limits the 
statistical value of this observation; how- 
ever, should future study support the 
presence of this intraluminal mucosal in- 
volvement, then it is worthy of the sur- 
geon’s attention. 

Segmental resection of the esophagus and 
esophagogastrostomy have not been neces- 
sary in this small series of patients. It is 
our opinion that this should be avoided if 
at all possible. 


Summary and Conclusions 


Experience with seven patients who had 
epiphrenic diverticulum of esophagus is 


reported; six of them received surgical 
treatment. 

Hypertrophy of the circular muscle of 
the terminal esophagus is a consistent find- 
ing in epiphrenic diverticulum; a diverting 
mucosal flap adjacent to the mouth of the 
diverticulum may be an associated feature 
of this pulsion type of diverticulum; coex- 
isting hiatal hernia is a frequent finding. 

It is therefore recommended that, in 
addition to excision of the sac and careful 


E ffler et al. 


closure of the esophageal wall, the follow- 
ing steps be carried out: 

(a) Myotomy extending from the diver- 
ticulum down to the gastric wall; (b) in- 
cision of the mucosal valve, if present, in 
the lumen of the esophagus; (c) repair of 
the esophageal hiatus with complete reduc- 
tion of the stomach below the diaphragm. 


2020 E. 93d St. (6). 
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DISCUSSION 


Dr. Jacop BerMAn, Indianapolis: This ex- 
cellent discussion is stimulating and important, 
particularly in its relation to other abnormalities 
of foregut derivatives. Dr. Effler, I should like 
to ask you three questions concerning your ex- 
perience with epiphrenic diverticula. First, did 
any of your patients have associated pylorospasm 
in addition to the cardiospasm which you men- 
tioned? One of your slides seemed to indicate 
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considerable barium retention in the stomach, al- 
though I could not be sure. Second, how many of 
your patients had associated disease of the stom- 
ach, duodenum, biliary tract, or pancreas? Third, 
did any of your patients develop esophagitis fol- 
lowing the operation as carried out by you and 
Dr. Barr? One of the films which you showed 
seemed to indicate that a normal esophagogastric 
angle had not ensued after surgery. 

I am asking these questions because, as some of 
you will remember, Dr. E. J. Berman and I dis- 
cussed the problem of esophagitis associated with 
esophageal hiatal hernia before the Western Sur- 
gical Association in December, 1958. In our pa- 
per we suggested that balanced procedures be 
performed, consisting of (1) bilateral vagotomy ; 
(2) repair of the hernia; (3) esophagogastropexy ; 
(4) pyloroplasty. The effects of balanced opera- 
tions are as follows: 

1. The stomach is restored to its normal posi- 
tion. 

The hiatal hernia is cured. 

Gastric acidity is reduced. 

A normal esophagogastric angle is formed. 
Intragastric pressure is reduced by providing 
easy egress of the meal through an open 
pylorus. 

We also pointed out the fact that diseases of 
the lower esophagus are an expression of malfunc- 
fion of several derivatives of the foregut, and 
therefore present a problem of the esophagus, 
stomach, and duodenum, as a physiological unit, 
and sometimes the biliary tract and pancreas as 
well. 

We have had three cases of epiphrenic diver- 
ticula. We did not include these in our reported 
cases of hiatal hernia with esophagitis. However, 
we did find that two of our patients had an 
associated hiatal hernia; one of these had an old 
duodenal scar as well, and the other gallstones. 
They were successfully treated by balanced opera- 
tions. The third patient was treated by trans- 
thoracic resection of the diverticulum. She did 
not have any demonstrable associated disease. 
She returned approximately eight months after 
surgery with a severe esophagitis which could not 
be controlled by medical management. We subse- 
quently operated upon her and performed balanced 
operations with good results. 

It is our belief that epiphrenic diverticula con- 
stitute another expression of combined foregut 
derivative malfunction rather than a disease of the 
esophagus per se. 

Dr. F. Henry Etwis Jr., Rochester, Minn.: Dr. 
Effler, as usual, has presented a thought-provoking, 
stimulating paper. He has emphasized an ex- 
tremely important point; that many patients with 
esophageal diverticula have an obstruction in the 
distal part of the esophagus. This has been true 
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in our experience. Dr, Habein recently reviewed 
the Mayo Clinic experience with diverticulum of 
the esophagus during a 10-year period. Cardio- 
spasm was present in 3% of cases, diaphragmatic 
hernia in 22%, and diffuse spasm in 13%. 

Although some type of esophageal obstruction 
was present in many cases, it is clear that there 
was no obstruction in many others. Therefore, I 
would perhaps disagree with Dr. Effler on one 
small point. I believe esophageal myotomy should 
be done not routinely, but only when specifically 
indicated. It is not always easy to make a clinical 
diagnosis of cardiospasm or diffuse spasm. If one 
has an opportunity for preoperative studies of 
esophageal motility, however, an accurate preop- 
erative diagnosis often can be made and_ the 
necessity for carrying out an esophageal myotomy 
can be determined ahead of time. 

Our experience with 24 surgical patients suggests 
that in many cases the need for such an ancillary 
procedure exists. Ten of these have had residual 
symptoms. Evidences of recurrence exist in four, 
of whom three give evidence of diffuse spasm of 
the esophagus also. 

I would like to clarify an impression—if indeed 
it exists—namely, that operation is frequently 
necessary for patients with an epiphrenic divertic- 
ulum of the esophagus. On the contrary, I think 
it rarely is necessary. In our experience with 201 
patients, symptoms requiring operation were present 
in only 24. I believe that because of the danger of 
subsequent development of serious and disabling 
symptoms we should avoid at all costs any un- 
necessary operation on the esophagus. 

Dr. FrepertcK S. Cross, Cleveland: I would 
like to congratulate Dr. Effler on a fine presenta- 
tion of an important subject, which should be of 
great interest to all surgeons doing thoracic work. 
We have been particularly interested in the definite 
association of esophageal diverticula at all levels 
with esophageal hiatal hernias. 

[Slide] Here is a typical picture of esophageal 
diverticulum associated with a hiatal hernia. 

[Slide] This is another diverticulum, a small one 
to be sure, associated with a hiatal hernia. 

[Slide] Finally, this slide illustrates a finding 
very frequently associated with hiatal hernia, the 
so-called Schotzke’s ring, or what actually amounts 
to the defect in the lower esophagus created by 
the inferior esophageal sphincter. 

It is our feeling that with the formation of an 
esophageal hiatal hernia the usual mechanism for 
the prevention of the regurgitation of acid peptic 
juice into the lower esophagus is broken down. 
The remaining bulwark, then, to free regurgitation 
of acid into the esophagus is the inferior esophageal 
sphincter, which in turn becomes hyperactive, or 
spastic, and presents the picture shown in this slide. 
This then creates delay in the passage of food in 
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this area with increased intraesophageal pressure 
above, and subsequently the formation of the 
epiphrenic diverticulum. 

For the past several years, we have done a fair 
amount of work with cinefluorography and intra- 
luminal pressure studies in the study of neuro- 
muscular disorders of the esophagus. We have 
found underlying patterns of abnormal esophageal 
motility associated with esophageal diverticula at 
all levels, and feel in most instances these altera- 
tions in esophageal motility are important in the 
formation of the diverticulum. I point out this only 
to make the point that in certain instances I am 
sure that, although the diverticulum is excised, the 
symptoms will persist because of this underlying 
derangement in neuromuscular activity of the 
esophagus. 

Dr. Effler has made the point that in certain in- 
stances he has found a hyperactive segment just 
below the epiphrenic diverticulum, and the point of 
this discussion is to further emphasize this im- 
portant aspect of the problem. 

Dr. Donatp B. Errer, Cleveland: I would like 
to thank the discussants very much. There is very 
little time left, so I will terminate with what 
little more we can add as far as the subject is 
concerned, 

Dr. Berman brought up the subject of esoph- 
agitis as a postoperative complication. We believe 
that may well be associated with failure of proper 
reconstruction of the terminal end of the esophagus 
in relation to the esophageal hiatus, and that is 
why we make a great point of a meticulous 
reconstruction. Whether this is the answer or not, 
I don’t know; but esophagitis has not been a 
feature in the postoperative follow-up studies on 
any of these patients. 

If there was co-existent disease below the 
diaphragm, it was not recognized; in any event 
it could not have been clinically significant 


E ffler et al. 


I am grateful for Dr. Ellis’ comments as they 
put things back to normal. The Mayo Clinic’s 
series of epiphrenic diverticula is absolutely stag- 
gering, and this normal numerical superiority makes 
me feel secure again! 

I think the importance of cardiospasm must al- 
ways be kept in mind. Most of us agree that it is 
a feature in many of the cases. Perhaps it is not 
a feature at the time the patient comes to surgery, 
but it may well have been at the time epiphrenic 
diverticula were formed. A _ proper esophago- 
myotomy is a very simple thing and it may save 
the surgeon considerable embarrassment later. 

I would agree that the mere presence of a 
diverticulum, particularly a small one, is no indica- 
tion for surgery at all. You should be convinced 
that the diverticulum is the major reason for the 
patient’s seeking help before you consider him a 
surgical candidate. 

I am surprised to find that in the 200 Mayo 
patients only 24 were considered surgical candi- 
dates, but again I have to bow before this very 
staggering array of patients. We have seen just a 
fraction of this number. 

Concerning Dr. Cross’ remarks about motility, 
I agree. Abnormal motility is indeed a feature. 
This type of diverticulum is probably a manifesta- 
tion of some basic disturbance in esophageal 
physiology and anatomy. 

Although many patients demonstrate abnormal 
motility of the esophagus, it is only the occasional 
patient who demonstrates the diverticulum. 

The large number of hiatal hernias that are 
operated on in Cleveland is rather impressive. We 
usually refer to ours as the “Forest City”; perhaps 
it should more aptly be called the “City of Rup- 
ture.” I think this testifies to an aggressive ap- 
proach in the surgical management of patients 
who do have diseases of this type. 
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Introduction 


The importance of diaphragmatic func- 
tion and wholeness in relationship to pul- 
monary and gastrointestinal physiology has 
been well documented. A “second look” at 
the structure and action of the diaphragm 
has been warranted, however, because of 
recent stress on the surgical aspects of 
esophageal hiatal hernias and the clinical 
appearance of pathologic syndromes related 
to diaphragmatic malfunction following 
thoracic surgical procedures. A study of 
the dynamic anatomy of the diaphragm was 
therefore undertaken, and the results of this 
investigation with its clinical applications 
are herein reported. 


Methods of Study 


The diaphragm and attached phrenic 
nerves were studied in situ and in the fresh 
state after complete excision in 25 post- 
mortem specimens. Photographs and 
drawings were utilized to record pertinent 
findings. 

Observations on diaphragmatic motion 
were made on eight patients undergoing 
transthoracic repair of a hiatus hernia after 
dissection of the hiatus and crura. In 
addition, two patients were carefully evalu- 
ated during celiotomy to observe the 
changes occurring at the esophagogastric 
junction with faradic stimulation of the 
phrenic nerves in the neck. 

In order to better assess the normal and 
abnormal physiology of the thoracoabdom- 
inal partition, the results of cervical percu- 
~ Submitted for publication Feb. 27, 1959. 

Read at the 16th Annual Meeting of the Central 
Surgical Association, Montreal, Feb. 21, 1959. 

From the Surgical Service, Wood Veterans Ad- 


ministration Hospital, and the Department of Sur- 
gery, Marquette University School of Medicine. 
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taneous faradic stimulation of the phrenic 
nerves, first right and then left, were ob- 
served fluoroscopically in 30 patients. Ten 
subjects were also examined with barium in 
the esophagus and stomach during inspira- 
tion and expiration, and the movements of 
the esophagogastric junction were recorded 
roentgenographically. Two patients with 
diaphragmatic pathology were similarly 
studied. 


Results 


Though slight variations were noted, the 
25 postmortem dissections exhibited certain 
uniform characteristics of central tendon 
and hiatal relationships. The central tendon 
was always the primary part of the whole 
diaphragm, although it varied in size and 
shape and in extent of its tendinous expan- 
sion. The junction of the central tendon 
to the xiphisternum also varied in consist- 
ency, being at times completely aponeurotic 
and at other times entirely muscular (Figs. 
1 and 2). The costal origin of the dia- 
phragm joined the transversus abdominis 
muscle anteriorly by a common aponeurosis 
attached to the inner surface of the costal 
arch (Fig. 3, A and B). It was invariably 
possible to easily dissect this junction from 
the ribs to give a strong continuous layer 
from upper abdominal wall to diaphragm. 

The crura, as noted by Listerud and 
Harkins,’ arose most frequently from the 
right side of the lumbar vertebrae and 
separated anterior to the aorta to enclose 
the esophagus before inserting into the 
central tendon. The point of division of 
the main right crus varied in its distance 
from the lumbar vertebrae. In those few 
specimens demonstrating a hiatus hernia, 
the point of separation lay just anterior to 
the vertebra and in those showing no de- 
fect, the main right crus divided 2 to 3 cm. 
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from the centrum. The prolongation of 
the transversalis (diaphragmatic) fascia 
onto the crura helped to keep the muscle 
bundles together behind the esophagus 
(Fig. 4). The anterior projection of the 
crural fibers ended by insertion into the 
central tendon, and the right and left por- 
tions of hiatal muscle were not continuous 
around the opening, but rather inserted in 
overlapping different planes (Fig. 5). 
The left phrenic nerve invaded the dia- 
phragm approximately 1 cm. lateral to the 
pericardial border and 4 to 5 cm. anterior 
to the level of crural insertion into the cen- 
tral tendon (Fig. 6). The right phrenic 
nerve pierced the diaphragm at the mid- 


Fig. 2.—Heavy mus- 
cular anterior edge of the 
diaphragm. 
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Fig. 1.—Aponeurotic 
and sparse muscular an- 
terior edge of the dia- 
phragm extending out 
from the pericardial bor- 
der (black suture line). 


lateral border of the inferior vena cava. 
Each nerve separated into anterior, lateral, 
and posterior divisions (Fig. 7, A and B). 
A medial branch, especially on the left, was 
occasionally found running under the peri- 
cardium toward the opposite side or to the 
area of crural insertion (Fig. 8). The pos- 
terior division on either side skirted the 
pericardial border and usually began send- 
ing filaments to the crus 1 cm. behind the 


ventral border of the hiatus. The main 


posterior nerve division stayed 1.5 to 2.0 


cm. from the hiatal opening and progressed 
posteriorly, giving off fibers to the crural 
muscle (Fig. 7, A and B). 
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Fig. 3.—A, inside view of the costal arch showing the common aponeurotic line of insertion 
of the diaphragm and the transversus abdominis muscle. B, left costal arch elevated to show the 
continuous muscular layer produced when the common line of insertion of the diaphragm and 
transversus abdominis muscle is dissected from the inner rib wall. 


Fig. 4—View of the abdominal side of the 
separating main right crus showing the investing 
diaphragmatic fascia held by a hemostat. 


Observations of diaphragm motion, after 
hiatal dissection, were made on eight pa- 
tients at left thoracotomy for repair of a 
sliding hiatus hernia. During spontaneous 
breathing, each subject showed that on 
descent of the diaphragm, the crura did not 
contract, but rather appeared to stretch 
forward and tense. On elevation of the dia- 
phragm, the crura relaxed and the hiatal 
orifice became more patulous. In two pa- 
tients having exploratory celiotomy, this 
phenomenon of lateral compression of the 
crura with apparent forward stretching was 
again noted on depression and contraction 
of the diaphragm. 
servation, faradic stimulation of the phrenic 
nerves in the neck with resulting contrac- 
tion of either right or left diaphragm leaf 
did not appreciably affect the esophageal 
hiatus to digital palpation, and no actual 
contraction of the ipsilateral crus could be 
perceived during this experiment. 


During abdominal ob- 


In order to assess the effect of stimula- 
tion of one phrenic nerve on the action of 
the contralateral diaphragm, 30 patients 
were observed fluoroscopically while having 
percutaneous faradic stimulation of first the 


? 


DIAPHRAGM—SURGICAL ANATOMY 


right and then the left phrenic nerves. It 
was apparent that on maximal stimulation 
of the nerve, the ipsilateral diaphragm 
contracted and moved down maximally. 
The middle leaf of the central tendon al- 
ways descended and the immediately adja- 
cent medial portion of the contralateral 


diaphragm leaf also definitely descended in 
one-third of the subjects. The middle and 
lateral parts of the opposite diaphragm 
exhibited paradoxical motion. This reaction 


was not altered in two patients who had had 
phrenic crush on the side opposite the 
stimulation, and elevation of the diaphragm 
after lobectomy did not alter the basic 
reaction pattern. 

Since our anatomical studies did not 
demonstrate a sling action of the crura, but 
rather a scissors effect coincident with de- 
scent, confirmation of this finding was at- 
tempted roentgenographically. Ten subjects 
in the left lateral standing position, with 
barium in the esophagus and stomach, were 
x-rayed in deep inspiration and expiration. 
One patient having had his central tendon 
severed from the costosternal junction dur- 
ing radical repair of a pectus excavatum 
and one patient having a sliding type hiatus 
hernia were x-rayed in like fashion. In 
all 10 patients, with no previous diaphragm 
or phrenic nerve surgery, the cardia was 
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Fig. 5.—Right and left 
crural muscle bundles in- 
serting into the central 
tendon (thoracic side). 


noted to advance and descend on inspira- 
tion and to recede and ascend on expira- 
tion, the changes being more pronounced in 
the younger patients (Figs. 9 and 10). In 
the individual having had his sagittal rela- 
tionship altered by pectus excavatum repair, 
the motion of the cardia during respiration 
was diminished (Fig. 11). The patient with 
a sliding type of hiatus hernia was noted 
to have more stomach in his posterior 
mediastinum on expiration than on inspira- 
tion, and. the part of the stomach at the 
hiatal moved 


level slightly anterior on 


Fig. 6.—Dissected left phrenic nerve showing the 
relationships to the pericardial border and the area 
of crural insertion. 
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Fig. 7.—A, elevated, 
dissected phrenic nerves 
showing the divisions and 
the relationship to the 
esophageal hiatus. B, sus- 
pended, dissected phrenic 
nerves again showing di- 
visions and relationships 
to the pericardial border 
(black suture line), area 
of crural insertion and 
esophageal hiatus. 


Fig. 8—A medial di- 
vision of the left phrenic 
nerve (over hemostat) 
running under the peri- 
caridum beyond the mid- 
line. 
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the position of the 
during expiration and 


Fig. 9—X-rays showing 
esophagogastric junction 
inspiration. 


Fig. 10.—X-rays show- 
ing the position of the 
esophagogastric junction 
with an elevated and a 
depressed diaphragm. 
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inspiration and posterior on expiration 


(Fig. 12). 
Comment 


Our studies have convincingly shown the 
importance of the midline or sagittal plane 
of the diaphragm in the maintenance of 
gastrointestinal and cardiopulmonary func- 
tion. This concept corresponds to the 


features of embryologic development em- 
phasized by Jordan and Kindred,? who 
demonstrated the potential bilateral inner- 
vation of the sagittal plane (Fig. 13). We 
have confirmed the rather frequent nerve 
overlap by our anatomic dissections and 


Fig. 11.—X-rays show- 
ing the very slight 
change of the esopha- 
gogastric junction during 
expiration and inspiration 
in a patient having had 
his anterior diaphragmatic 
attachment severed dur- 
ing repair of a_ pectus 
excavatum. 


129/473 


a 


Fig. 12.—Expiratory 
and inspiratory x-rays 
of a patient with a 
sliding esophageal hiatus 
hernia showing the change 
in the position and 
amount of stomach with- 
in the thorax. 


Fig. 13—Diagram of developing diaphragm. 
Shows the relationship of the three paired and the 
one unpaired primordia. The central tendon of the 
diaphragm takes its origin from the septum 
transversum, the unpaired primoridum. (From 
Jordan and Kindred: Textbook of Embryology, 
Ed. 5, 1948. Courtesy of Appleton-Century-Crofts, 
Inc., New York.) 


Fig. 14—A, depression of the xiphisternum showing the relaxation of the crura and the 


widening of the hiatus. The cardia is being pulled down to show the crura. B, elevation of the 
xiphisternum showing the tensing of the crura and the narrowing of the hiatus. 
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functional studies. At the same time we 
have been disturbed by the increasing num- 
ber of post-thoracotomy, and _ especially 
posthiatus herniorrhaphy patients who have 
presented dyspnea and diminished pulmo- 
nary reserve which we have been able to 
relate only to permanent diaphragmatic 
paralysis. For that reason we have stressed, 
in the management of our patients, the 
clinical importance of nerve recognition 
and preservation by carefully placed dia- 
phragmatic incisions. 

Postmortem examination of the dia- 
phragm from both thoracic and abdominal 
sides showed that the midplane consisted 
of the medial leaf of the central tendon, 
anchored anteriorly to the xiphisternum by 
either muscle or aponeurotic membrane and 
posteriorly by the right and left crura. 
Motion at the xiphisternal region was di- 
rectly conveyed to the crura (Fig. 14, 4 
and B). If either right or left diaphragm 
was separated from its costal attachment, 
the midline relationship was not anatomi- 
cally deranged. We also found, as did 


Maier? that after pneumonectomy, the 
thoracic esophagus might shift slightly to 
the operative side, but the region of the 


cardia remained fairly stationary. This 
maintenance of position of the lower esoph- 
agus was also noted on esophagrams of 
patients having had phrenic crush or section 
and patients having diaphragm elevation 
secondary to limited pulmonary resection. 

The crura and the muscle of origin on 
the right side of the aorta are covered on 
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the abdominal side by the diaphragmatic 
(transversalis) fascia (Fig. 4). This layer 
is apparently essential in holding the fibers 
together and in investing the area of crural 
split posterior to the esophagus. Removal 
of the fascia allows greater separation of 
the posterior angle of the hiatus. Those 
specimens having a large hiatal defect had 
an attenuation of investing fascia at the 
posterior angle. 

In none of the 25 diaphragms studied 
did dissection of the insertion of the crura 
into the central tendon reveal evidence of 
a true muscle sling. The left crus was noted 
to insert into the central tendon above the 
insertion of the right crus with no gross 
decussation ever seen (Fig. 5). This find- 
ing, together with the lack of actual 
contraction of the crura themselves on dia- 
phragm motion or stimulation, is of great 
importance in understanding the dynamics 
of the hiatus. Anatomical and x-ray stud- 
ies show that with diaphragm contraction 
or stimulation, the cardia or lower esopha- 
gus advances forward and downward. This 
is achieved because the crural arches act 
in scissors fashion, not as a sling. With 
contraction of the diaphragm the crura are 
pulled forward and downward. Since right 
and left crura usually arise from a posterior 
split of muscle and insert separately into 
a firm edge of tendon, any stretching or 
tensing of fibers causes a lateral compres- 
sion effect with a diminution in the poste- 
rior angle. This causes the esophagus to 
be pushed and pulled forward and to de- 


Fig. 15—Diagram 
showing the configura- 
tion of the hiatus and the 
position of the esopha- 
gogastric junction during 
expiration inspira- 
tion. 
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scend with central tendon depression on 
diaphragm stimulation (Fig. 15). This is 
easily appreciated at postmortem examina- 
tion with elevation and depression of the 
xiphisternum (Fig. 14, 4 and B). Because 
the stomach goes forward and downward 
during inspiration, concomitant movement 
of the lower esophagus is essential to the 
maintenance of the esophagogastric angle of 
junction. Since Barrett* showed that no 
actual sphincter is present at the cardia, 
the maintenance of an incisura or functional 
sphincter impresses us as being the most 
important factor in preventing gastric re- 
flux. If the cardia or lower esophagus were 
not made to move by the scissors action of 
the crura behind, but were to remain sta- 
tionary or be pulled back by a sling, the 
esophagogastric angle would open and, as 
Collis, Satchwell, and Abrams®* have 
shown, reflux would be possible during 
every inspiration. 

An appraisal of our findings and a re- 
view of the recent literature would seem to 
justify dwelling on a few points that are 
significant in the management of surgical 
disorders of the diaphragm. The lack of 
significant dyspepsia or occurrence of 
hiatus hernia following phrenic crush, 
pneumonectomy, or lobectomy has been 
noted in three large groups of cases*? and 
adds clinical weight to our contention that, 
if unilateral phrenic nerve crush or section 
seems indicated for pulmonary pathology, 
it should be used without fear of hiatal 
malfunction. We do not, however, advocate 
phrenic nerve section as a treatment for 
sliding hiatus hernia, as have others,® be- 
cause of its lack of effect on the crura, its 
interference with pulmonary function in a 
group of patients usually having very little 
ventilatory reserve, and its infrequent good 
results. The occasional good response to 
phrenicectomy is probably accounted for by 
increase in esophagogastric angle due to 
fundus rise, moderate increase in abdom- 
inal cavity capacity, and decrease in intra- 
thoracic inspiratory negative pressure. In 
addition, we have noted, as have others,?° 
patients in whom symptoms related to 
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Fig. 16—Drawing of the diaphragm showing 
the usual phrenic nerve distribution and the esoph- 
ageal hiatus. Dotted lines indicate ideal incision 
sites, 


hiatus hernia were markedly increased after 
phreniclasia. 

If incisions are made in the diaphragm, 
they should be made radial to the point of 
penetration of the diaphragm by the phrenic 
nerve, and if a counter incision is made in 
the diaphragm during hernia repair, it 
should be made at least 2 cm. away from 
the hiatus and parallel to the hiatus. These 
two approaches will denervate the least 
amount of muscle and will prevent localized 
paradoxical motion (Fig. 16). Incisions 
that encroach on the crura should be avoid- 
ed since they will alter the scissors action. 
Since the phrenic nerve is noted to course 
on the under surface of the diaphragm 
muscle, greater care is necessary in placing 
sutures in the peritoneal side of the dia- 
phragm than in the thoracic side. The ap- 
preciation of a scissors type action at the 
hiatus, which normally helps maintain the 
functional valve of the cardia, makes pos- 
terior repair of the crura in the sagittal 
plane most physiological. In addition, we 
agree with Marchand," Allison,!? Lam and 
Kenney ® that the long axis of the hiatal 
orifice is normally in the sagittal plane. The 
diaphragmatic fascia, also described by 
Carey and Hollinshead,'* does seem to be 
important in the preservation of the hiatal 
closure posterior to the esophagus, and, if 
possible, should be incorporated with the 
sutures closing the posterior defect. When 
it is difficult to close defects in the dia- 
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Fig. 17.—Sketch of 
the left costal arch 
and the upper abdomen 
showing the common 
aponeurotic junction of 
the transversus abdominis 
muscle and ‘the  dia- 
phragm. The dotted line 
indicates the skin inci- 
sion site used to free the 
common line of insertion 
from the inner aspect of 
the arch. 


phragm, especially of post-traumatic and 
congenital origin, the freeing of the apo- 
neurotic junction of diaphragm and trans- 
versus abdominis muscle, as intimated by 
Rives and Baker, will give ready access 
to viable, innervated adjoining muscle that 
will make peripheral or central defects 
easier to close (Fig. 17). 


Conclusions 


1. The sagittal or midplane relationships 
of the diaphragm, essential for normal gas- 
troesophageal function, are maintained by 
virtue of a bilateral innervation and firm 
anteroposterior attachments. 

2. The crura act in scissors fashion, not 
like a sling, to help maintain the important 
esophagogastric incisura. 

3. The crural function is independent of 
the effects of unilateral phrenic nerve in- 
terruption or unilateral diaphragm position. 

4. In repair of sliding hiatus hernias, 
posterior sagittal suture of the crura, with 
incorporation of the diaphragmatic fascia, 
would seem most desirable. 

5. Our findings and contentions regard- 
ing sliding diaphragmatic hernias and hiatal 
action, though somewhat different from 
those previously accepted, show that the 
Allison repair is still the most physiological 
technique presently employed. 


6. Diaphragmatic incisions made radial 
to the phrenic nerve, at least 2 cm. from the 
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hiatal opening, and not encroaching on the 
crura, will give least functional deficiency. 

7. The transversus abdominis muscle is 
readily available for difficult diaphragmatic 
repairs. 


324 E. Wisconsin Ave. (2). 
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Double Jejunal-Loop Replacement of Resected 


Stomach for Bilious Vomiting 


WALTMAN WALTERS, M.D., and JAMES W. NIXON JR., M.D., Rochester, Minn. 


The case we are presenting is that of a 
patient who, in 1955, underwent gastric re- 
section of the Billroth II (Polya) type for 
a chronic, recurring, bleeding duodenal 
ulcer, symptoms of which she had had for 
10 years. Three months after gastric resec- 
tion and retrocolic antiperistaltic gastrojeju- 
nostomy she began having daily episodes 
of vomiting of bile. The episodes were so 
troublesome that in 1956 she underwent 
jejunojejunostomy. Little relief from the 
bilious vomiting followed, however; and 
substernal burning distress, probably due to 
esophagitis, developed. 

The patient came to the Mayo Clinic in 
1958, where it was decided to convert the 
Billroth II resection to a Billroth I type. 
We found, however, that the gastric resec- 
tion had been so extensive that it would be 
~ Submitted for publication Feb. 16, 1959. 

Section of Surgery, Mayo Clinic and Mayo 
Foundation (Dr. Walters); Fellow in Surgery, 
Mayo Foundation (Dr. Nixon). The Mayo 
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Fig. 1—Division of jejunal loops in the posterior 
Polya resection and gastrojejunal anastomosis at 
jejunostomy. 


Transposed loop 
of jejunum 
\ 


Fig. 2.—Anastomosis of jejunal loops to duode- 
num with restoration of jejunal continuity. 
impossible to approximate the remainder of 
the patient’s stomach to the duodenum. For 
that reason the two loops making up the 
gastrojejunal anastomosis were cut across 
at the midportion of the enteroanastomosis 
(Fig. 1); jejunal continuity was restored, 
and both loops, with the open entero- 
anastomosis at their lower ends, were anas- 
tomosed to the lateral wall of the duodenum 
(Fig. 2). A letter from the patient, dated 
Sept. 8, 1958, stated that she was in ex- 
cellent condition. 

In the four months which have passed 
between her operation and the time of this 
writing she has not had further episodes 
of bilious vomiting, and the substernal dis- 
tress has disappeared. 


Comment 
In 1951 Moroney! suggested the use of 
an isolated segment of colon to replace the 


135/479 


; 
a 
ge 
ae 
4 
. 
= 
— 
— 
Z 
| 
\ 
| 
= > 
= 
= = 
= # 
S 
- 
= 
\ i 


resected portion of the stomach in order 
to increase its food reservoir, and in 1952 
Henley? reported on the insertion of an 
isolated loop of jejunum between the re- 
sected stomach and the duodenum. Henley 
suggested the following reasons for his use 
of a loop of jejunum: (1) to augment the 
capacity of the remaining portion of stom- 
ach; (2) to allow gastroduodenal continu- 
ity, with the hope that the patient’s 
nutritional state would improve; (3) to pre- 
vent development of the dumping syn- 
drome, and (4) to prevent bilious vomiting, 
which sometimes occurs after a Billroth IT 
anastomosis (gastrojejunal type). In pa- 
tients who experienced vomiting of bile he 
attached either the afferent (Fig. 34 and 
B) or the efferent loop of jejunum to the 
duodenum, divided the other loop close to 
the stomach, and closed the end with su- 
tures. After detaching these loop segments 
from the jejunum, jejunal continuity was 
reestablished by end-to-end anastomosis. In 
a later communication Henley * illustrated 
these procedures. In still more recent com- 
munications both Moroney * and Henley ® 
have reported that intestinal replacements 
have been followed by recurrences of ulcer 
in 7% of their cases. 

It seemed to one of us (W. W.) that 
both afferent and efferent loops might be 
used successfully in our case, since a large 


Fig. 3—(a) Antiperistaltic Billroth II resec- 
tion. Division and closure of efferent loop of 
jejunum and anastomosis of afferent loop to 
duodenum. (b) Isoperistaltic Billroth I] resection. 
Division and closure of efferent loop of jejunum 
and anastomosis of afferent loop to duodenum. 
(Division of afferent loop with anastomosis of 
efferent loop to jejunum is not illustrated.) 
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enteroanastomosis had been made at the 
right distance from the gastrojejunal anas- 
tomosis to enable us to divide the jejunum 
at this point and to anastomose the open 
end to the lateral side of the duodenum. It 
seemed also that by anastomosing two je- 
junal loops instead of one to the duodenum 
the food capacity of the replacement would 
be increased and that there might be even 
less opportunity for bile to enter the small 
pouch of stomach. 

The anastomosis is clearly illustrated in 
Figure 2. It will be noted that by dividing 
the jejunal loops at the enteroanastomosis 
a transverse closure of only one jejunal 
opening was necessary to restore jejunal 
continuity. 

A detailed report of the case follows. 


Report of a Case 


A 43-year-old, single nurse first registered at 
the Mayo Clinic on May 12, 1958. She complained 
of daily episodes of vomiting, which had followed 
gastric resection for duodenal ulcer. She gave a 
history of migraine headaches since childhood, and 
vomiting had been associated with the headaches 
all her life. However, the vomiting which she 
had experienced after her gastric operation was 
different from that which accompanied her mi- 
graine headaches. At 20 years of age she had a 
hysterectomy. In 1945 she began having symptoms 
similar to those associated with peptic ulcer and 
melena; a diagnosis of duodenal ulcer was con- 
firmed by x-ray examination. As mentioned earlier, 
in 1955 she had undergone gastric resection of 
the Billroth Il type for chronic bleeding duodenal 
ulcer. Subsequent to the operation she obtained 
relief from her symptoms of ulcer and had not 
vomited for three months; vomiting then became 
frequent again. In 1956 jejunojejunostomy was 
performed elsewhere to relieve the vomiting. She 
continued to vomit, however, but vomited bile, 
never food. This might occur at any time—after 
meals, between meals, or early in the morning. 
She usually went to bed with an emesis basin 
handy, The vomitus was always yellow bile. About 
half the time the vomiting was preceded by nausea ; 
at other times she felt a burning sensation in the 
throat, which would be followed by vomiting. She 
denied ever inducing vomiting with her finger. 
Irregularity of evacuation of the bowels increased 
the vomiting, but she knew of no other influence. 
When in bed, she seemed to be helped if her 
head was elevated; at times eating candy brought 
relief. No loss of weight accompanied the vomiting. 
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DOUBLE JEJUNAL-LOOP REPLACEMENT 


Fig. 4—(a) Preoperative roentgenogram of the stomach, showing a high gastric resection, 
Billroth If type, with jejunojejunostomy. (b) Postoperative roentgenogram, showing double 
jejunal-loop replacement between resected stomach and duodenum. 


Her physician had given her considerable me- 
peridine (Demerol) hydrochloride in the past. 

The results of physical examination were as 
follows: height, 5 ft. 9 in.; weight, 228 lb.; blood 
pressure, 125 mm. of mercury systolic and 85 mm. 
diastolic; pulse, 72; temperature, 98 F. The ab- 
domen showed evidence of a left lower midline 
incision; a left subcostal incision was also evident, 
and mild tenderness was present in the epigastrium. 
Mild pitting edema of both ankles was observed. 
Routine studies of the blood did not show evidence 
of abnormality, and the results of urinalysis and 
serologic tests were normal. 

The patient’s blood was classified as Group A, 
Rh_ positive. No abnormality evident on 
roentgenograms of the thorax. A roentgenogram 
of the stomach showed evidence of high gastric 
resection with gastric jejunostomy, below which 
was a jejunojejunostomy (Fig. 4a). A long afferent 
loop of jejunum was evident. The jejunojeju- 
nostomy seemed to empty slowly. Gastric analysis 
did not reveal free hydrochloric acid but did show 
the presence of bile Grade 2. 


was 


Operation revealed a high Billroth II anterior 
resection of the stomach with a jejunojejunostomy. 
It would have been impossible to approximate the 
proximal portion of the stomach to the duodenum. 
A transection of the jejunal loops at the jeju- 
nostomy was done, and the proximal ends of both 
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loops were anastomosed to the side of the duo- 
denum; jejunal was established by 
closing transversely the opening left by the jejunal- 
loop detachments. An uneventful convalescence 
followed. Figure 4a and b shows preoperative and 
postoperative roentgenograms. 


continuity 


Summary 


This case is reported because the double 
jejunal-loop replacement of the resected 
stomach has benefited the patient a great 
deal by relieving her of daily vomiting of 
bile. Bilious vomiting, though relatively in- 
frequent, is a complication that occasionally 
follows the Billroth II operation. Various 
procedures of a remedial nature have been 
suggested, such as the conversion of a Bill- 
roth II resection to a Billroth I resection, 
Henley’s use of an isolated loop of jeju- 
num, or Moroney’s use of an isolated seg- 
ment of transverse colon. 


Henley and 
Moroney have reported recurrences of ulcer 
in 7% of their cases of intestinal replace- 
ments three or more years after operation. 
Our patient has not had further episodes of 
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bilious vomiting, and the substernal distress 
has disappeared; but it is too early to tell 
what the ultimate result of this operation 
will be. 


Mayo Clinic. 
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Observations from the Use 


RALPH F. BOWERS, M.D., Memphis, Tenn. 


At times it appears necessary to employ 
a major amputation in the treatment of 
malignant tumors of the extremities. Ac- 
cording to our present precepts for tumor 
eradication, the operation quarterectomy 
should fulfill the ultimate in block excision 
and lymphatic extirpation which must prove 
to be better in the removal of lymph channel 
invasion than mere dissection of these chan- 
nels, which at best permits spilling of malig- 
nant cells in the operative site. 


Definition 


The term quarterectomy ! is used instead 
of one of the long confusing terms, such as 
hemipelvectomy or interinnominoabdominal 
amputation®* for ablation of the lower 
quarter, and interscapulothoracic amputa- 
tion*® for removal of the upper quarter, 
and the term employed therefore will be 
lower quarterectomy or upper quarterectomy 
as the case may be. This meaningful term 
is a brief descriptive one and should expedite 
designation of the type of operation by the 
mere saving of words. 

A few articles describe the indications * 
for the use of the operation and some deal 
with the technique of the procedure.?**"! 
Lower quarterectomy is a much more ex- 
tensive procedure than the upper. Tech- 
niques vary. Some prefer the posterior or 
lateral approach mainly,?> others the an- 
terior.? Sorondo and Ferre recommend 
the use of two operating teams for the lower 
quarterectomies. For the lower and upper 
quarterectomies, we use one operating team 
and do most of the operative manipulation 
from the anterior approach. This approach 
permits control of the large vessels at an 
~ Submitted for publication Feb. 27, 1959. 
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early stage of the operation with conse- 
quent saving of blood. Disarticulation of the 
sternoclavicular joint, the symphysis pubis, 
and transection of the ilium near the ir- 
regular line of the sacroiliac joint are easily 
accomplished by the anterior approach. 

It is the purpose of this paper to study 
the results gained or lost by the use of this 
operation, in terms of postoperative compli- 
cation, mortality, palliative gain, if any, five- 
year survivals, and something about the 
individual’s ability to live with the resultant 
deformity, and therefore the observations 
made upon the patients operated on. Long- 
term follow-up reports are not numerous. 

During the past 10 years, 29 quarter- 
ectomies have been performed at Kennedy 
Hospital—16 upper and 13 lower. The con- 
ditions for which the operations were per- 
formed are as follows: (a) when a chance 
of cure was believed to be possible (Table 1); 
(b) when palliation only could be expected 
(Table 2). 

All lesions are malignant. We have not 
had the opportunity of using the operation 
for the huge benign lesions of the bony 
pelvis. Except the patients with lesser 
malignant intent of the chondrosarcoma, the 
remaining 27 patients were involved with 
lethal malignant disease. 


TABLE 1.—Quarterectomy Presumably for Cure— 
Eight Patients 


Time, 
Yr. 


Degree of 


Lesion Palliation 


Result 
Melanoma 
Melanoma 
Melanoma 
Liposarcoma 
Melanoma 
Chondrosarcoma 
Liposarcoma 
Chondrosarcoma 


Alive 

Alive 
Died of tumor Good 
Died of tumor Doubtful 
Died of tumor Excellent 
Alive 
Alive 

Alive 


97/12 
39/12 
22/12 
22/12 
21/12 
1 2/12 

7/12 

3/12 
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TaBLe_ 2.—Quarterectomy Presumably for 
Palliation—Twenty-One Patients 


P.O. 

Pa- Time, Degree of 
tient Lesion Ve. Result Palliation 
9 Melanoma 52/12 Alive Excellent 
10 Melanoma 46/12 Died, cause Excellent 

unknown 
11 Fibrosarcoma 4 Died of tumor Excellent 
12 Carcinomatous 33/12 Diedofbron- Good 
nodes, source chogenic 
undetermined carcinoma 
13 Lipomyxosarcoma 22/12 Diedoftumor Excellent 


14 Multiplemyeloma 2+ Died of tumor Excellent 
15 Melanoma 110/12 Died of tumor Doubtful 
16 Melanoma 17/12 Died oftumor Excellent 
17 Neurogenic sarcoma 14/12 Alive Excellent 
18 Neurogenic sarcoma 13/12 Died oftumor Unknown 
19 Melanoma 11/12 Diedoftumor Good 
20 Melanoma 11/12 Alive Good 
21 Melanomatous 10/12 Died of tumor Poor 
nodes, source 


undetermined 
22 Melanomatous 9/12 Died oftumor Poor 
nodes, source 
undetermined 
23 Melanoma 9/12 Died oftumor Poor 
24 Melanoma 8/12 Died oftumor Poor 
25 Neurogenicsarcoma 8/12 Diedoftumor Good 
26 Melanoma 6/12 Died oftumor Poor 
27: Melanoma 5/12 Died oftumor Poor 
28 Lymphosarcoma 5/12 Died oftumor Poor 
29 Carcinoma of et Died of surgery oe 
breast Ist p. o. day 
Complications 


In spite of the magnitude of the pro- 
cedure, postoperative complications have not 
proved to be numerous. 

There were four infected wounds, one of 
which was severe, two moderate, and one 
mild, and all occurred in lower quarter- 
ectomies. Slough of the flap occurred more 
frequently in the lower quarterectomies than 
the upper because of greatly impaired blood 
supply compromised by ligation of the epi- 
gastric vessels and many of the posterior 
muscular blood vessels. The removal of 
slough was prompt and noninjurious to the 
patient, requiring skin graft in only one pa- 
tient (Patient 13). Therefore wound infec- 
tion, subsequent slough, and skin replacement 
have not posed major problems. 

There were two instances of epididymitis, 
due undoubtedly to interference of testicular 
blood supply or the trauma by retraction of 
the cord. Urinary tract infections have re- 
mained few in number, although retention 
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catheter drainage sometimes was employed 
for periods of time lasting three weeks or 
longer. 

Intra-abdominal and pulmonary infections 
have not been bothersome in our patients. 


Mortality 


No deaths can be attributed to the opera- 
tion quarterectomy itself. In 1950, before the 
use of adrenalectomy and hypophysectomy 
for hopeless breast carcinoma was employed, 
one patient, a nurse, insisted that quarter- 
ectomy accompanied by radical neck dis- 
section and mediastinal gland dissection be 
employed as a desperate measure when there 
was early extensive recurrence with cervical 
and mediastinal lymph node involvement 
after radical mastectomy, x-ray therapy, and 
castration. The left innominate vein was 
inadvertently injured in an attempt to include 
removal of “all” mediastinal glands and with 
previous ligation of the right jugular vein, 
a condition incompatible for life followed. 
She died the night of operation from cere- 
bral anoxia. Therefore, one death in the 
series of 29 quarterectomies provides a 
mortality rate of 3.4%. We consider that 
the extensive operation performed on this 
nurse was an improper and ill-chosen pro- 
cedure and the death should actually be 
allotted to unquestioned poor surgical judg- 
ment. Some of the patients were aging and 
demonstrated associated serious illnesses. It 
appears therefore that the operation is 
feasible from a morbidity and mortality 
standpoint. It can be performed with one 
operating team. 

Naturally the resultant disability is un- 
desirable, and no good prosthesis is available 
for the upper or the lower. quarterectomies, 
although Wise! has devised a padded 
canvas belt for the purpose of supporting 
the abdominal wall which functions as a 
substitute for the buttock. What then has 
been gained to justify the permanent mutila- 
tion? 

Five-Year Cures 


.Expectedly, five-year cures exist in the 
patients who at the time of operation were 
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believed to have no metastasis or extensions 
beyond the field of operation. The results 
follow : 

Of the favorable group, one melanomatous 
patient (Patient 1) is living without disease 
at 9%» years. Another melanomatous pa- 
tient (2) has approximated four years with- 
out disease. Three favorable patients (two 
with melanoma and one with liposarcoma) 
died about two years after operation from 
the tumor. Three patients in the favorable 
group were operated on too recently for 
a proper estimation of five-year survival. 

In the unfavorable group, we were aston- 
ished to find one melanomatous patient (9) 
alive and without disease 5%. years after 
the operation and another (Patient 10) who 
died 4% years after the operation of un- 
known cause. This patient had been sur- 
veyed at the hospital for presence of 
recurrence and metastases a short time be- 
fore sudden death at his home, and none 
was found. The death was probably not due 
to the tumor. A patient (11) died at four 
years from fibrosarcoma. 

Consequently, only two patients of the 
entire group survived more than five years 
and were free of disease —one at 9 %» years 
(Patient 1) and the other at 5%» years 
( Patient 9). 

Six patients lived longer than three years. 
The cure rate is low. 


Palliation 

Palliation is difficult to estimate and the 
achievement must be contrasted to what the 
observers have noted in the same types of 
malignancies in nonquarterectomized pa- 
tients. One could then be interested in the 
appearance of huge, ulcerated and infected, 
foul-smelling and oftentimes hemorrhaging 
tume factions which by clumsiness and weight 
have forced the patient to be bedridden. 
Also a point of great interest would be to 
know if recurrences in the operative stump 
sites have created any of the above dis- 
agreeable situations. The longevity gained 
from these palliative resections follows: 

One patient was alive without disease 
five years postoperatively. Two patients died 
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after four years; one questionably died of 
disease other than the tumor; one patient 
died after three years and two died after 
two years postoperatively. Five patients 
lived longer than one year. Eight patients 
lived less than one year, and one is still 
alive 11 months after an upper quarter- 
ectomy (Patient 20). 


There is no significant difference in the 
survival rate between upper and lower 
quarterectomies although the lower quarter- 
ectomies include the two five-year survivals. 


Prosthesis 


A triangular plastic block appliance to the 
upper chest wall obviates the marked de- 
pression resulting from the amputation and 
permits the amputee to better adjust his 
clothing, but it has provided no use for the 
function of the removed arm or hand. All 
upper quarterectomy patients use this pros- 
thesis. 

Three patients wear a substitutive full-leg 
prosthesis, but are unhappy with it. Two 
use it 50% of the time and the third patient 
states that the prosthesis is totally unsatis- 
factory. A few patients have used a pad 
similar to that described by Wise,™™ and 
these pads have proved to be helpful par- 
ticularly for the sitting posture. 

No patient has experienced recurrence 
of tumor in the stump, and there is no 
incidence of the appearance of a_ huge, 
fungating, bleeding tumor in the operative 
site. A few patients demonstrated an oc- 
casional small nodule in the operative site, 
but they were no more numerous than in the 
skin elsewhere and occurred a few weeks 
before death from fulminating generalized 
metastases. According to my past experience 
in malignancies similar to the ones described 
in this report, the absence of fungating, 
foul-smelling, and bleeding tumefactions in 
the operative site or extremity creates a 
beneficial comparative result which must be 
classified as a definite palliative advance 
gained by the use of the operation. Further- 
more, there is no incidence of a painful scar. 
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Ability to Work 


Results as regards ability to work are 
most disappointing. Obviously, those whose 
positions were of a sedentary nature were 
able to work. For instance, a radiologist 
(upper; Patient 16) and a salesman (upper; 
Patient 5) worked normally until metastases 
forced their retirement. But only one lower 
amputee (Patient 1) is working at anything 
like a normal pace. Of the 29 patients, 6 
resumed some type of work after the opera- 
tion, but 23 did not. 

It is admitted that three upper quarter- 
ectomies were ill chosen, and the patients 
should not have been subjected to the opera- 
tion. The lymphosarcoma patient (28) 
would have lived longer and happier without 
the quarterectomy. The multiple myeloma 
patient (14) stated that he profited from the 
disappearance of pain, but his course was 
downhill until death by metastases. His 
physicians did not believe that palliation was 
gained. Confusion about the pathological 
picture of the lymphosarcomatous lesion was 
responsible for radical surgery in this case. 
But the responsibility for the poor judgment 
in the other two cases was that of the 
surgeon. The insistence of the nurse for 
radical surgery was not a proper indication 
for the procedure employed. 


Summary and Conclusions 


Brief comments about the benefits or 
nonbenefits of upper and lower quarter- 
ectomies are stated. 

The mortality (3.4% ) and morbidity rates 
are low. 

The operation can be successfully per- 
formed by one operating team. 

The results indicate that palliation can be 
expected in a small selected group of 
malignancies that otherwise would produce 
distressing involvement of the extremities. 

The cure rate in this series has been low. 


Veterans Administration Medical Teaching 


Group Hospital (15). 
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Treatment of the Leriche Syndrome 


A Technique of Endarterectomy 


C. M. BURGESS, M.D., Honolulu, Hawaii 


significant advances have been 
made in the past eight years in our ability 
to successfully relieve isolated arterial oc- 
clusion. The importance of the contributions 
of men such as De Bakey, Linton, Wylie, 
Creech, and many others cannot be over 
emphasized. It can be said that some suc- 
cess has been achieved in restoring blood 
flow in almost every artery of significant 
size anywhere in the body. This does not 
exclude even the coronary or carotid vessels. 

Success depends on two factors: first, 
the size of the vessel, and second, the condi- 
tion of the arterial bed distal to the obstruc- 
tion. Small vessels, less than 3 mm. in 
diameter, seldom stay patent no matter what 
technique is used to relieve the obstruction. 
Thrombosis also occurs in nearly every 
instance where there is insufficient run-off 
of blood distal to the operative site. We 
may expect an excellent result in a vessel 
larger than 3 mm. with a patient arterial 
bed distal to the obstruction, almost without 
regard to what method is used to relieve 
the obstruction. 


Truly 


When dealing with the Leriche syndrome, 
which is a symptom complex resulting from 
occlusion of the aorta at its bifurcation, a 
high degree of success can be anticipated. 
Clinically, this has been found to be true. 
The symptoms and findings of Leriche 
syndrome are pain in the calves, thighs, or 
back on walking, relieved by rest; absent or 
markedly diminished femoral pulses with 
absent pedal pulses, and impotence. It is 
often confused with lumbosacral pathology. 
Several successful methods have been used 
in the treatment of this condition. Resection 
and replacement with a homograft or with 
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plastic prosthesis has been highly successful. 
Excellent results have also followed 
endarterectomy in a large number of cases, 
and it is with this form of therapy that this 
brief report deals. 


Surgical Procedure 


The patient’s abdomen and entire legs are 
prepared and draped in order to leave the 
legs mobile. Intratracheal oxygen ether 
anesthesia is used. A femoral arteriogram 
is usually done immediately to establish the 
condition of the peripheral arterial bed. A 
midline incision from the xiphoid to the 
symphysis is necessary to give adequate 
exposure. Routine aortography preopera- 
tively is felt to be unnecessary. Dissection 
of the aorta is accomplished in the usual 
way. A weak heparin solution, 5 cc. (10 
units to 100 ce. of saline), is injected distally 
in the peripheral vessels after they are 
clamped and is used freely locally for ir- 
rigation. Transverse incisions are made 
halfway through the vessel wall at distances 
of approximately 2 in. 

The technique of endarterectomy, as used 
on these six patients, is very simple, and I 
believe success depends to a large extent on 
the use of modified periosteal elevator such 
as has been employed for years by 
otolaryngologists in the performance of 
submucous resections. The tool is used 
actually to separate the diseased intima from 
the adventitia (Fig. 1). If extreme sclerosis 
is present, the calcified intima is actually 
fractured at the site of the incision in the 
vessel. The elevator separates the sclerotic 
intima from the adventitia with surprising 
ease and, with ordinary care, no damage to 
the remaining vessel wall (Fig. 2). As 
many transverse incisions are made as are 
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Fig. 1—The periosteal elevator modified for use 
in endarterectomy. 


necessary to visualize carefully and remove 
loose tags of intima from the interior of 
the vessel. 

Figure 3 shows the calcified and thickened 
intima removed from Case 5. As can be 
seen, there is a near perfect cast of the 
diseased vessels. Since the incisions are 
only halfway through the vessel, suture is 
very simple. Braided arterial 00000 non- 
absorbable (silk) surgical suture is used for 
the closure. Wherever there is a question 
of a loose flap which could cause obstruc- 
tion, another transverse incision is made at 
that point and the intima either removed or 
fixed to the vessel wall with suture. 

Postoperative nasogastric suction has been 
used routinely until gas is’ passed spontane- 
ously, The convalescence in these cases has 
been uneventful except for one patient 
(Case 5), who developed temporary chloride 
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depletion following four days of intragastric 
suction, probably precipitated by the pre- 
operative low-salt diet that had been used in 
the treatment of his hypertension. Another 
case (Case 6) had ileus that persisted for 
eight days. Pedal pulses have been restored 
in all patients, and all but Case 7 have 
returned to regular work free of claudica- 
tion. Lumbar sympathectomy was not 
employed routinely. There has been no 
significant relief of impotence in the five 
men treated. 

So far, the adventitia, although it appears 
thin at the time of surgery, has not blown 
out or caused palpable aneurysmal forma- 
tion. Postoperative aortograms have not 
been taken because of the danger inherent 
in this procedure. 


Report of Cases 


Case 1—A _ 58-year-old white man was first 
seen in April, 1956, complaining of low-back pain, 
pain in the thighs, and pain in the calves whenever 
he walked even a half a block. This condition 
had been present for almost three years and had 
prevented him from pursuing any type of gainful 
occupation. 

General physical examination was entirely nega- 
tive, with the exception of absent femoral, popliteal, 
and pedal pulses bilaterally. The blood pressure 
was 130/20, and the electrocardiogram and fluoro- 
scopic findings were negative. An aortogram had 
revealed an obstruction to the left common iliac 
artery and marked diminution in size of the right. 

On May 28, 1956, the area of the obstruction 
in the aorta was explored. The left common iliac 
and external iliac arteries were found to be com- 
pletely blocked. The right common iliac vessel 
was 95% occluded. The patient had had injections 
for the treatment of a left inguinal hernia many 
years before, and the fibrosis resulting from this 
treatment rendered it impossible to dissect out 
the left external iliac and left common femoral 
arteries. It was necessary, therefore, to bypass this 
area of complete obstruction. An endarterectomy 
was done on the distal aorta and on the common 
iliac vessels. A homograft replaced the distal com- 
mon iliac and its bifurcation. The hypogastric vessel 
was also anastomosed and the bypass carried down 
to a patent area in the left common femoral artery. 
Both pedal pulses were immediately restored, and 
the patient’s convalescence was entirely uneventful. 
He returned to full-time work approximately three 
and one-half months after surgery. 

Cars 2.—A 56-year-old white man, first seen 
at the Straub Clinic in September, 1956, had had 
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symptoms of intermittent claudication in the calf 
of his left leg for about a year. This had become 
increasingly severe until he was now unable to 
walk more than half a block without resting. There 
was no pulsation in the left femoral artery. There 
were dorsalis pedis and posterior tibial pulses on 
the right, but none on the left. Left femoral 
arteriogram revealed a normal peripheral bed. 

On Oct. 23, 1956, at The Queen’s Hospital, ex- 
ploration of the bifurcation of the aorta revealed 
complete obstruction of the left common iliac artery 
and almost complete obstruction of the right com- 
mon and external iliac vessels. By the use of three 
transverse incisions, a complete endarterectomy up 
to the renal vessels was performed. A_ small 
aneurysm in the right common iliac vessel was 
satisfactorily eliminated by plication after removal 
of the sclerotic intima. Bilateral pedal pulses were 
immediately restored. 

The patient’s convalescence was entirely un- 
eventful. He was last seen in December, 1956, 
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Fig. 2.—The technique 
of removing the intima 
and the usual sites for 
transverse arterotomies. 


at which time he was back on full-time duty and 
had had no further claudication. 

Case 3.—A 50-year-old white man was first seen 
at the Straub Clinic on March 5, 1957, complaining 
of pain in both legs after walking a short distance; 
the pain radiated up the back and was more marked 
in the calf but was present in the thighs and the 
hips. He had been unable to work for over a year. 

Examination was essentially negative with the 
exception of very faint bilateral femoral pulses. 
There was no pulsation below the femorals on 
either side. He was admitted to The Queen’s Hos- 
pital, where bilateral femoral arteriograms revealed 
excellent peripheral vessels. Almost complete ob- 
struction of the bifurcation of the aorta was found. 
By the use of four transverse incisions, all thickened 
and calcified intima was removed; the vessels were 
closed, and bilateral pedal pulses were immediately 
restored. Convalescence was entirely uneventful. 

The patent returned to work about two and one- 
half months after surgery with no further symp- 
toms of claudication. 
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Fig. 3—Calcareous intima of the aorta, common 
iliacs, and external liliacs removed from Case 5. 
Note transverse incision and fracture lines in intima 
about every 2 in. 


Case 4.—A 50-year-old white woman was seen 
at The Queen's Hospital at the request of Dr. 
William H. Walsh. She was suffering from severe 
mitral stenosis. The patient had had her right leg 
amputated a few months previously for insufficient 
circulation and gangrene of the lower leg. She was 
having increasing pain in her left leg and it was 
obvious, from the inspection of the cold, pulseless 
limb, that gangrene was imminent. We despaired 
of being able to do much in the way of definitive 
surgery but decided to do an arteriogram and, 
possibly, a sympathectomy. She was a very poor 
risk because of chronic cardiac decompensation as 
a result of severe mitral heart disease. 

On July 18, 1957, an arteriogram revealed an 
adequate arterial system in the left leg. We still 
felt that she would probably not stand extensive 
surgery, so we planned only to do a sympathectomy. 
A left muscle-splitting extraperitoneal approach 
to the lumbar chain was carried out and a sympa- 
thectomy done without incident. Examination of the 
bifurcation of the aorta revealed a localized block 
exactly at the bifurcation, which extended up only 
about 1% in. and down only about 1 in. into either 
iliac vessel. The remaining vessels appeared per- 
fectly normal. By enlarging the incision it was 
possible to make a transverse incision in the lower 
portion of the aorta and completely remove the 
sclerotic intima, which was completely blocking 
the vessel. After this, excellent. pulsation resulted 
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in all the vessels of the left leg and the femoral 
pulse on the right was also restored. Her con- 
valescence was uneventful. Pulses have persisted 
in her leg, and she is now up and about using 
crutches and is as active as her heart permits. 

Case 5.—A 45-year-old Japanese man was first 
seen at the Straub Clinic in January, 1957. At that 
time, following heavy lifting, he had pain in his 
low back, radiating down the left leg, which had 
persisted despite conservative therapy. A myelogram 
showed a ruptured intervertebral disk between L4 
and L5, and he had been subjected to laminectomy 
and fusion, and removal of the extruded disk, in 
January, 1957. After this, however, his recovery 
was slow. He continued to have pain in the legs 
and in the left hip. 

He was first seen by me in March, 1958, at which 
time physical examination revealed only faint right 
femoral pulsation, no left femoral pulsation, and 
no pedal pulses. Surgery was advised, and he was 
admitted to The Queen’s Hospital on April 8, 1958. 
He was admitted to the operating room in a high 
state of anxiety and with a blood pressure of 
over 200. At this time, the assistant and anes- 
thesiologist could palpate a dorsalis pedis bilaterally 
in spite of the fact that there was no femoral on 
the left and only a faint one on the right. We 
assumed, then, that there was a good peripheral 
bed, and femoral arteriograms were not done. 

Complete obstruction of the left common iliac 
vessel was found and almost complete obstruction 
of the right. By use of five transverse incisions, 
endarterectomy of the common iliacs was carried 
out. No pulses could yet be felt in the left leg. 
Exploration of the left femoral artery revealed 
the site of obstruction to be just proximal to its 
bifurcation, Endarterectomy in this area resulted 
in excellent pedal pulses. 

Convalescence was complicated on about the fifth 
postoperative day by urinary suppression due to 
sodium and chloride depletion. It responded rapidly 
to the injection of hypertonic saline solution. Bi- 
lateral pulses have persisted, and he was returned 
to his usual work of a carpenter. 

Case 6—A 57-year-old white man, who, five 
years before, had had a coronary occlusion, was 
seen at The Queen’s Hospital on July 10, 1958, at 
the request of Dr. A. S. Hartwell. About one week 
before, he had had a severe pain in the anterior 
chest, which was clinically a coronary occlusion 
but without electrocardiographic findings. About 
one week after being admitted to the hospital, he 
suddenly had pain in the left groin, accompanied 
by coldness and pallor of the entire left leg. I felt 
that he probably had a Leriche syndrome, with 
sudden occlusion of the small passage that re- 
mained in the common iliac. The circulation was 
obviously adequate in the leg, although it was 
definitely paler and cooler than the right. I felt 
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that a sudden occlusion of a normal common iliac 
artery would have resulted in more circulatory 
disturbance of the limb. 

On July 14, 1958, under intratracheal oxygen 
and ether anesthesia, a left femoral arteriogram 
revealed an excellent peripheral arterial bed. Ex- 
ploration of the region of the bifurcation of the 
aorta revealed marked arteriosclerosis and narrow- 
ing of the lumen of both common iliac vessels and 
of the distal aorta. In addition, there was complete 
blockage by a thrombus in the proximal left com- 
mon iliac vessel. A thromboendarterectomy was 
carried out, with use of six transverse incisions. 
Excellent pedal pulses persisted on the right. After 
the endarterectomy and closure of the abdominal 
incision, which had. resulted in excellent dorsalis 
pedis and posterior tibial pulsation on the left, we 
noticed, during the closure of the skin, increased 
pallor of the left leg. Palpation failed to reveal 
any pulses. We then opened the incision made for 
the femoral arteriogram and found an embolus 
in the superficial femoral artery, which was re- 
moved through a transverse incision. This restored 
the pulses and color of the left leg. 

The convalescence was complicated by ileus, 
which persisted for about eight days. It was prob- 
ably due in part, at least, to the marked abdominal 
adhesions which had resulted from appendicitis 
and peritonitis many years before. Upon return 
to the room, the patient’s left leg was warm; the 
circulation was obviously good, but pulsation in 
the posterior tibial was only intermittent, and this 
intermittent pulse in the posterior tibial artery 
has continued. However, the condition of the left 
leg was very satisfactory, it was warm and of good 
color. 

Case 7.—A 56-year-old Portuguese man was 
referred to the Straub Clinic by Dr. Marvin 
Brennecke, of Kauai, Hawaii. He had a history 
of severe claudication, impotence, and weakness in 
the legs which began suddenly six months before. 
General examination was negative except for absent 
pulses in the left leg. There was a faint femoral 
on the right with a weakly palpable posterior tibial. 

On Dec. 5, 1958, in The Queen’s Hospital, an 
arteriogram of the left femoral showed an ex- 
cellent peripheral bed. The presence of a posterior 
tibial on the right insured the patency of vessels 
on that side. Exploration revealed extensive arterio- 
sclerotic blocking involving the distal aorta, the 
common iliacs, the external iliacs and the common 
femorals. The superficial femoral was also nearly 
blocked on the right. From inspection and palpa- 
tion of the vessels on the right side, it was difficult 
to see how a lumen could be present in the solid- 
appearing vessels; those on the left were solid. 
Multiple transverse arteriotomies were done to clear 
the distal aorta and larger vessels. The common 
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femoral was transected proximal to its bifurcation 
and withdrawn into the abdomen, and an endarterec- 
tomy was done. A similar procedure was done on 
the right and, in addition, the intima cleared from 
a short section of the superficial femoral. Ex- 
cellent dorsalis pedis and posterior tibial pulses 
were felt immediately after releasing the clamps 
in both legs and have persisted. A bilateral lumbar 
sympathectomy was done. 


Convalescence was prolonged by deep throm- 
bophlebitis of the left leg, which responded to rest, 
elevation, heat, and anticoagulant therapy. He has 
returned to his home on Kauai. An excellent result 
is expected. 


Comment 


The technical steps employed and the 
instruments used are probably not new. 
Certainly, the simple instruments to separate 
the arteriosclerotic intima from the adventi- 
tia has been used by otolaryngologists for 
years. It is necessary only to dull slightly 
the sharp edge of the double-ended 
periosteal elevator and increase the curve to 
have the The transverse 
incisions, but halfway through the diseased 
vessel, greatly aid suturing and seem to 


necessary tool. 


prevent shortening and tension and certainly 
allow adequate exposure for the most care- 
ful endarterectomy. These incisions also 


allow the intima to be sutured rapidly and 
securely to the adventitia at the most distal 
portion of the vessel explored. This is a 
very important step, and if a flap or loose 
piece of intima is not removed or secured, 
a blocked vessel will result. In this series, 
the finding of an excellent adventitia, even 
when solidly sclerosed and calcified vessels 
were encountered, suggests that we may 
have not developed fully the possibility of 
endarterectomy. 

Although this series is very small, the 
experience gained and the technique used 
would suggest that it probably may be ap- 
plied to a much larger percentage of patients 
than has been done in the past. In spite 
of success with homografts and various 
plastic prostheses, everyone will admit that 
the patient’s own healthy tissue, if it can be 
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made to function, is far better and apt to 
function for a much longer period of time 
than any foreign material inserted. It must 
be remembered that all grafts and 
prostheses, other than autogenous grafts, 
are foreign materials. 
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Endarterectomy has the additional tre- 
mendous advantage of offering definitive 
treatment even if homografts and_ plastic 
prostheses are not readily available. 


Straub Clinic, Department of General Surgery, 
Kapiolani St. at Thomas Sq. (14). 
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Effects of Pressure Breathing on the Peripheral 


Circulation 


Motion Picture Observations in the Bat Wing and Rabbit Ear Chamber 


E. TRIER MORCH, M.D., Ph.D.; ROSE ENGEL, M.D., and GERALDINE A. LIGHT, M.D., Chicago 


Positive pressure is frequently applied to 
the airway during resuscitation, inhalation 
therapy, and anesthesia, and plays an im- 
portant role in aviation medicine. It has 
long been known that pressure in the air- 
way affects the circulation,!® but only re- 
cently have these effects on the systemic 
and pulmonary circulation been thoroughly 
investigated. 1-17,20-23,25 

For all practical purposes principally 
three methods are used, namely: continuous 
positive pressure, intermittent positive pres- 
sure, and alternating positive-negative pres- 
sure, 

Whenever air is forced into the lungs, 
there is interference with the circulation. 


The degree varies with the method.}*:5-7-10 
12-14,25 


Submitted for publication March 6, 1959. 
Department of Anesthesia, The University of 
Chicago. 


Continuous positive pressure always re- 
sults in circulatory depression, and the ex- 
tent depends on magnitude and duration of 
the applied pressure. The higher the pres- 
sure and the longer it is maintained, the 
more pronounced the depression (Fig. 1). 

With intermittent positive pressure the 
effect on the circulation varies with the 
mean airway pressure and the duration of 
the positive pressure phase within the re- 
spiratory cycle: The lower the mean airway 
pressure and the shorter the positive pres- 
sure phase, the better. 

Alternating positive-negative pressure af- 
fects the circulation the least. The shape of 
the pressure curve is significant. The optimal 
curve shows a rapid rise in pressure and a 
rapid drop in pressure. Inspiration and ex- 
piration should be brief, followed by a 
pause with low pressure, atmospheric or 


_ Fig. 1—Dog experiment. Arterial flow and pressure decrease as the intratracheal pressure 
increases. 
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subatmospheric. The cause of circulatory 
depression during high levels of positive 
pressure breathing lies in the impediment of 
both venous return and redistribution of 
blood between thorax and periphery. Cardiac 
output, arterial pressure, and central blood 
volume are decreased; blood is displaced 
from heart and lungs to periphery, resulting 
in a reduced intrathoracic blood volume and 
engorgement of the peripheral venous bed. 
Rise in the peripheral venous pressure is 
associated with progressive hemoconcentra- 
tion and decrease in plasma volume.}5:148; 


17,25 


There is experimental evidence that pro- 
longed pressure breathing causes a compen- 
satory subjects with 
competent circulatory and respiratory sys- 


vasoconstriction in 


In subjects with preexisting re- 
spiratory and/or circulatory embarrassment, 
positive airway pressure may precipitate 
complete deterioration of the circulatory 

The problem is of vital interest to the 
anesthetist. We have long worked on it 


experimentally and been able to visually 


Their 
peripheral blood vessels in the wings can be 
seen in any desired magnification, and can 
be filmed clearly.'*** As far as we know, 
this method had not been utilized before for 
that purpose. Tracheotomized bats were 
connected to a respirator and subjected to 


demonstrate our findings in_ bats. 


varying degrees of positive and subatmos- 
pheric pressures. This way we could see 
peripheral vascular responses to different 
airway pressures in the intact animal. Other 
observations were recorded by means of 
microscopic motion pictures in the rabbit 
ear chamber, while the animals were sub- 
jected to varying airway pressures. 
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An important difference in the venous 
circulation of the bat, as compared with the 
rabbit or with man must here be noted. In 
the bat the relative distance from the capil- 
laries to the heart is enormous. The wing 
spread of this tiny animal measures 25 cm., 
which compares with a 3 km. arm spread in 
man. Therefore active vasomotion is neces- 
sary for venous return to the heart. The 
veins are equipped with valves which open 
and close alternatingly, preventing the reflux 
of blood, as the vein segments between the 
valves contract and dilate rhythmically. 
There is no apparent relation between this 
active vasomotion, heart beat, and respira- 
tion. In the bat, we never observed any 
effect of airway pressure on the peripheral 
venous flow. We saw only the effects of 
various types of breathing on peripheral 
arteries, arterioles, and capillaries. 

The motion picture shows how increasing 
degrees of pressure progressively impede 
arterial circulation. Pressures of +1 to 
+12 mm. Hg have little influence; but as 
the pressure increases further, the arterial 
flow slows more and more. If pressure is 
maintained for a prolonged period, the blood 
flow may even be reversed. Decrease of 
results in immediate acceleration 
of flow. Circulatory disturbance is minimal 
during the following cycle: Positive pressure 
applied for a short time, followed by a 
resting period, during which the pressure 
is released to atmospheric level. The resting 
phase is allowed to last longer than the first 
phase (Fig. 2). 

Applying subatmospheric pressure further 
benefits the circulation. This is especially 
true after a high and/or prolonged positive 
pressure phase. In testing pressures to —20 


pressure 


mm. Hg, we noticed no advantage in the 


mm Hg TRACHEAL PRESSURE 


-5 T 
0 


seconds 


_ Fig. 2.—The least disturbance of circulation is achieved by positive pressure of short dura- 
tion, followed by a resting period with a slightly subatmospheric pressure for a longer time. 
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PRESSURE BREATHING—PERIPHERAL CIRCULATION 


use of suction below —10 mm. Hg. Motion 
pictures taken in the rabbit ear chamber 
show comparable results. 


Comment 


Visual demonstrations have helped us to 
realize the effects of pressure breathing on 
the peripheral circulation. 

It is quite clear that the positive pressure 
phase slows the circulation and therefore 
should be of short duration. A period of 
atmospheric or preferably subatmospheric 
pressure helps to compensate for the im- 
pediment, and therefore should last longer. 
This is true, whether the pressure is pro- 
duced by a mechanical respirator or by hand- 
operated breathing bag. 

The degree of circulatory embarrassment 
is determined by (1) the magnitude of the 
pressure, and (2) the duration of this 
inspiratory phase within the respiratory 
cycle. Both factors are equally important; 
in other words, the shape of the pressure 
curve is the decisive factor. 


Summary 


Optimal conditions 


for adequate pul- 
monary ventilation with minimal disturbance 
to circulation are achieved by positive pres- 
sures in the range of +10 to +20 mm. Hg, 
for not longer than one second, followed 
by subatmospheric pressure of —2 to —10 
mm. Hg for two seconds. 


950 E. 59th St. (37). 
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Implants of the Internal Mammary Artery into 
Ischemic Dog Ventricles 


FELIX PEARL, M.D.; PETER JOSEPH, M.D., and COLEMAN CITRET, M.D., San Francisco 
With the Technical Assistance of Beryl Kallemeyn, R.N. 


Implantation of the internal mammary 
artery into the ventricular myocardium as 
proposed by Vineberg, has been under 
study in our laboratory for the past three 
and one-half years. In a previous article, 
we have reported our experiences with this 
procedure as applied to normal dog ven- 
tricles.° We used a technique in which, 
among other details, all the branches of the 
internal mammary artery were ligated and 
cut, the end of the main artery was left 
open in the myocardial tunnel, and the 
implant was anchored to the epicardium at 
the tunnel entrance. A description of this 
technique is reported elsewhere.** 

In our first series of 30 implants into 
16 normal (nonischemic) dog ventricles, 
subjected to second operation 4-28 months 
later, we found no evidence that the implant 
afforded protection against acute graded 
coronary artery ligations. At time of kill- 
ing, injection of Schlesinger mass into the 
heart side of the cut implant showed 27 
(90% )* of the implants to be blocked or 
severely stenosed. In a second series of 17 
implants, 8 by our technique and 9 by the 
technique of Vineberg,® using every nicety 

Submitted for publication March 24, 1959. 
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* Although the percentages are indicated through- 
out the article the numbers of implants in each 


group are too small for satisfactory percentage 
evaluation. 


of surgical technique at our command, 15 
(88%) were found closed or severely 
stenosed.5 

Vineberg™® reported 46% mammary- 
coronary anastomoses in normal dog hearts, 
whereas he found 71% “anastomotic rate” 
in hearts made ischemic by partial ligation 
of the anterior descending coronary artery. 
Duchesne and Vineberg? reported 85% 
successful anastomoses in hearts with 
chronically produced ischemia. In view of 
our failure to produce functioning implants 
in 42 (89%) of 47 normal dog hearts we, 
too, decided to study the effect of induced 
ischemia on the implants. 

Accordingly, in an additional series of 
38 dogs, the left internal mammary artery 
was implanted as before, and at the same 
operation the left ventricle was made ische- 
mic by partially ligating the anterior de- 
scending artery 1.5 cm.—2 cm. distal to its 
origin. The implants were made into ap- 
parently noninfarcted muscle. The diam- 
eter of the lumen at the site of constriction 
was later found to vary from 47%-56°% 
of the diameter of the artery just proximal 
to this site, a reduction in cross-section area 
of approximately 75%. Of the 38 dogs, 
10 (26%) died after partial coronary liga- 
tions; 6 within 24 hours; 1 in two days; 
2 in three days, and 1 in five days. These 
were eliminated from our statistics because 
the time elapsed was too short to expect 
anastomoses to develop. Three implants 
were deliberately placed in cyanotic areas 
which followed coronary ligation at the time 
of implantation; these represented a con- 
trol series and were also eliminated from 
our statistics. The remaining 27 dogs with 
28 implants were killed two to five months 
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TasLe 1.—Status of Artery Implanted into 
Ischemic I ‘entricles s: Twenty-Eight Implants 


Section of Extracardiac Portion 
in Live Animal Coronary Filling 
_— —— From Injection of 
Bleeding From Bleeding From Schlesinger Mass 
Subclavian End Ileart End Into Implant 


28 25 23 
(100%) (89%) (82%) 


later. The implants were cut in their ex- 
tracardiac course; the presence and extent 
of bleeding from the proximal and distal 
cut ends were noted, and the distal portion 
was injected with Schlesinger mass. There 
was forceful bleeding from the subclavian 
end in all, showing that the proximal half 
or more of the mobilized artery remained 
open even though no special attempt was 
made to protect it after mobilization. There 
was bleeding from the heart end of the cut 
implant (back bleeding) in 25 (89% 
varying from a small constant ooze to 8.6 
cc. per minute. In 12 the back bleeding was 
greater than 2.5 cc. per minute; in 3 it was 
from 1 ce. to 2.5 cc. per minute; in 8 it 
was less than 1 cc. per minute. Arteriog- 
raphy through the implant in one dog indi- 
cated that the flow of blood was teward 
the heart. In three there was no bleeding 
from the heart end; two of these were 
found imbedded in the scars of infarcts, 
one was blocked by thrombosis. Schle- 
singer mass appeared in the coronary sys- 
tem in 23 (82%); in all of these there was 
bleeding from the heart end of the cut 
implant. In five in which no Schlesinger 
mass was demonstrated in the coronary ar- 
teries, two had slight amount of back 
bleeding ; one of these was found inadvert- 
ently ligated. There was no back bleeding 
in the remaining three. Free back bleeding 
from the cut implant indicates the probable 
presence of well-defined mammary-coro- 
nary anastomoses. 

Three implants which were deliberately 
placed in cyanotic areas which followed 
partial coronary ligation at the time of 
implantation were later found to be oc- 
cluded. Two others were found at sacrifice 
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Implant of left internal mammary artery into 
left ventricle plus partial ligation of left anterior 
descending artery. Schlesinger mass injected 
through the implanted internal mammary artery 
fills the left anterior descending artery and its 
branches. Age of implant at time of killing, 4 
months. 


to be imbedded in the scars of infarcts 
not apparent at the time of operation; 
these were occluded. Internal mammary- 
coronary anastomoses were not demon- 
strated in any of these implants into 
infarcted areas. These findings vary from 
those reported by Bellman Frank,! 
who found large connections between three 
implants placed through cyanotic myocar- 
dium and the distal portion of a ligated 
coronary artery. 

Whereas we found successful anastomo- 
ses between the two systems in 23 (82%) 
of 28 implants into ischemic ventricles, they 
were demonstrated on only 5 (11%) of 
47 implants into normal (nonischemic) 
ventricles. This confirms the general im- 
pression that the need for blood stimulates 
the formation of vascular channels to sup- 
ply blood to ischemic areas, and also 
confirms the work of Vineberg that anasto- 
moses between the implanted internal mam- 
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TaBLe 2.—Comparative Status of Artery Implanted 
into Normal and Ischemic V entricles: 
Schlesinger Technique 


Closed or Stenosed 
Outside or 
Inside Heart 


Open Outside 
and Inside Heart 


Normal ventricles 

47 implants (11%) 
Ischemic ventricles 23 
28 implants (82%) 


mary artery and the coronary arteries 
develop much more readily in ischemic 
ventricles. 

In no dog did cutting of the implant 
cause any change in the appearance or 
function of the heart during a period of 
observation of 5-15 minutes, even in those 
animals in which we found free back bleed- 
ing and extensive filling of the coronary 
system with Schlesinger mass. In this re- 
gard it should be noted that the ligations 
of the anterior descending arteries were 
only partial, and that they may have been 
still capable of compensating for any blood 
deprivation caused by eliminating the con- 
tribution from the implant. 

Ischemia of the left ventricle produced 
experimentally in dogs by partial coronary 
artery ligation simulates to a degree the 
condition often found in human coronary 
artery Vineberg and Walker ® 
have reported very satisfactory results with 
the use of implants of the internal mam- 
mary artery in 88 patients suffering from 
coronary artery insufficiency. Our experi- 
ments tend to support the use of implants 
of the internal mammary artery in the 
treatment of human myocardial ischemia. 


disease.® 


Summary 


The study includes 28 implants of the 
internal mammary artery into 27 dogs 
whose left ventricles were made ischemic 
at the same operation by partial anterior 


Pearl et al. 


descending coronary artery ligation. At 
time of killing, three to five months later, 
anastomoses between the internal mammary 
and coronary systems was demonstrated 
by the Schlesinger technique in 23 (82%). 
Such anastomoses were found in only 5 
(11%) of 47 implants into normal (non- 
ischemic) ventricles. 

Our experiments support the use of such 
implants in the treatment of human myo- 
cardial ischemia. 

450 Sutter St. (8). 
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Studies in Duodenal Ulcer Surgery 


I. Resection of Antral Mucosa and Vagectomy for Treatment 


Ulcer 


of Duodenal 


DANIEL S. MARTIN, M.D., Miami, Fla.; DAVID V. HABIF, M.D., and ROBERT F. SHAW, M.D., New York 


Dissatisfaction attends subtotal gastric 
resection (70% ), even as it continues to be 
the most widety applied surgical modality in 
the treatment of duodenal ulcer. This dis- 
satisfaction stems from at least a 15%-20% 
incidence of unsatisfactory surgical re- 
sults.5:14-16,21,22,30 As a consequence, surgery 
is offered to the duodenal ulcer patient often 
with considerable misgivings and usually 
only when the complications of perforation, 
hemorrhage, obstruction, or intractable pain 
supervene. 

The unsatisfactory results of gastric re- 
section have been of two kinds, operative 
complications and late complications. The 
operative complications in the main stem 
from one of the following: difficult dissec- 
tion of the ulcerated duodenum from its bed 
when the ulcer is penetrating deeply into the 
pancreas or dangerously close to the biliary 
tree; leakage from the duodenal stump 
when a Billroth II gastroenterostomy is 
performed or leakage from the anastomoses 
when a Billroth I gastroduodenostomy is 
performed. These technical difficulties are 
responsible for a considerable morbidity, 
the incidence of which can only be guessed 
at, and for mortality of between 0.5%- 
4Q% 5:14,16,21,22,30 

Even those patients who have experienced 
no difficulty during the operative and early 
postoperative period have one chance in six 
of having further 
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Often these patients find one set of symp- 
toms merely replaced by a newly acquired 
set of symptoms, which may prove to be 
far more incapacitating and refractory to 
treatment. These late complications of 
gastric resection are (1) recurrent ulcera- 
tion, (2) an inability to maintain an ade- 
quate nutritional status, (3) the “dumping 
syndrome.” 

Recurrent ulceration clearly results from 
inadequate suppression of acid production 
by the stomach. Nutritional problems arise 
from an inability of patients to maintain an 
adequate caloric intake, due to an inadequate 
residual gastric pouch and/or a fear of 
eliciting “dumping.””*> The nutritional 
status may further be compromised if the 
normal pathway of food is altered, for this 
may decrease the percentage absorption of 
those foodstuffs which are ingested.**° The 
accumulated evidence tends to confirm the 
etiology implicit in the title “dumping 
syndrome” for it appears to be due to 
excessively rapid gastric emptying, with a 
dumping of food, especially fluids, into the 
small bowel beyond the stomach. This may 
cause distention of the small bowel with 
hypertonic gastric contents, and may further 
result in a net transfer of extracellular fluid 
from the intersitital space to the bowel 
lumen.1!:!%.26.27,35 Whether it is the actual 
distention of the small bowel or the removal 
of fluid from the extracellular space or 
both which causes the symptoms of the 
syndrome, is not wholly ascertained. Evi- 
dence seems to incriminate bowel distention, 
per se, as the important factor. 

These late complications of subtotal re- 
section actually occur with far greater fre- 
quency than can be suspected if operative 
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results are evaluated mainly on the basis of 
patient satisfaction. Many patients will tend 
to minimize “a little dizziness after meals” 
or “a tendency toward leanness” when they 
are aware of the conscientious efforts ex- 
pended by their surgeons. As an example, in 
a meticulous follow-up study that contrasted 
subjective acceptance with objective findings, 
Metcalf, Cooper, and Smithwick*! found 
that many patients expressed themselves as 
“enthusiastic,” although by objective evalua- 
tion they had lost 20 lb. or more, were forced 
to take six obligate meals per day, had 
serious dumping syndromes, or had demon- 
strated gastrojejunal ulcers. 

The frequency of these early and late 
complications of duodenal ulcer surgery has 
stimulated considerable investigation into 
the basic physiology of gastric function and 
has elicited a number of alternative recom- 
mendations for the surgical therapy of 
duodenal ulcer. Dragstedt* has advocated 
vagectomy and a drainage procedure. While 
vagectomy has yielded excellent nutritional 


results and relative freedom from dumping, 
the ulcer recurrence rate has been 6% in 
Dragstedt’s series ® and higher in others.® 


Wangensteen ** has advocated subtotal 
segmental resection of the fundus of the 
stomach. While recurrent ulceration has 
been obviated by this procedure, the nutri- 
tional results and frequency of dumping 
have been disappointing.?°** Whether a 
less extensive segmental resection, as has 
been recently advocated,®' will decrease 
dumping and nutritional problems without 
inordinate increasing recurrence remains to 
be seen. Recent experimental work by 
Longmire !® and Beal! has been directed 
toward direct excisional attack on the acid- 
secreting gastric mucosa with replacement 
by autogenous jejunal mucosa or skin grafts. 
The difficulties inherent in this approach are 
reflected by the 
rates of 30%-60%. 

This laboratory, cognizant of the above, 
has directed its experimental endeavors 
toward developing a surgical procedure 
which would fulfil the following criteria: 


experimental mortality 


Martin et al. 


(1) insure adequate control of acid secre- 
tion; (2) retain as large a gastric pouch 
as possible; (3) retain the normal pathway 
of food from the stomach through the 
duodenum; (4) discourage rapid emptying 
of the stomach, and (5) avoid the difficult 
and dangerous dissection and closure or 
anastomosis in the region of the ulcer. 

We felt that the very extensive investiga- 
tions into gastric physiology of especially 
the past 10 years argued that these objectives 
might best be obtained by the procedure 
depicted in Figures 1 to 4: an abdominal 
vagectomy with sleeve resection of the antral 
mucosa with end-to-end anastomosis of pars 
media mucosa to duodenal mucosa and 
pyloroplasty. Accordingly, the procedure 
was performed on eight dogs. 


Methods 


Healthy adult mongrel dogs of between 8 and 
16 kg. of both sexes were utilized through the 
experiment. After an initial period of observation 
the animals underwent surgery under general anes- 
thesia and utilizing the usual aseptic conditions. 

The abdominal cavity was entered through a 
midline incision. A bilateral vagectomy was per- 
formed by the usual abdominal technique. A longi- 
tudinal incision was then made on the midanterior 
surface of the duodenum and stomach. This in- 
cision was measured by ruler to carry 8 cm. proxi- 
mal to the palpable pyloric ring and 2 cm. distal 
to the pylorus. The incision was carried down 
through the seromuscular layer only and a cleavage 
plane was developed dissecting between mucosa- 


Fig. 1—Following abdominal vagectomy, a 
longitudinal incision is made in the midanterior 
surface of duodenum and stomach. The incision 
is carried through the seromuscular layer only, and 
a cleavage plane is developed dissecting mucosa- 
submucosa from the muscularis (inset). 
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Fig. 2—After transection between Kocher 
clamps of the tube of mucosa-submucosa at the 
pyloro-duodenal junction, the tube has been ad- 
vanced to include a cuff of pars media mucosa- 
submucosa. The proximal site of transection of 
the antral mucosa is shown. 


submucosa and the muscularis (Fig. 1). This can 
be a bloody dissection unless care is taken to pick 
up the perforating vessels with mosquito clamps 
as they course through at right angles to the 
surface of the muscularis. Fine plain catgut was 
employed for hemostasis. In this fashion a tube of 
mucosa-submucosa was freed in the region of the 
pylorus and Kocher clamps were placed across the 
tube at the distal line of resection, the junction of 
the duodenal and the gastric mucosa (Fig. 2). 
The mucosal-submucosal tube was transected be- 
tween the clamps. Utilizing the proximal Kocher 
clamp as a handle and employing alternate sharp 
and dull dissection, the dissection of the mucosal- 
submucosal tube was carried proximally some dis- 
tance above the previously measured 8 cm. from 
the pylorus. In this fashion a sleeve of mucosa- 
submucosa was freed which included not only the 
antral lining but a cuff of pars media lining. The 
sleeve was then transected at the previously meas- 


Fig. 3.—Hoffmeister-type of anastomosis of pars 
media mucosa-submucosa to duodenal mucosa-sub- 
mucosa. 
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ured 8 cm. point and the cuff of pars media 
mucosa-submucosa could readily be advanced dis- 
tally for anastomosis with the duodenal mucosal- 
submucosal tube. A Hoffmeister type anastomosis 
was performed in which the newly formed lesser 
curvature portion of the pars media was first 
closed with a running lock suture of 00000 chromic 
catgut (Fig. 3). When indicated, the stoma of 
duodenal mucosal-submucosal tube was increased 
by a 1 cm. longitudinal incision. A one-layer 
anastomosis employing 00000 catgut as a continuous 
locked suture was found to be satisfactory. The 
seromuscular layer either was closed with inter- 
rupted catgut sutures and covered with omentum 
or a Heinecke-Mikulicz closure was performed 
(Fig. 4). The essential steps of the procedure are 
depicted in Figures 1-4. 


Seromusculer closure 
except for distal ¢cm 


Omentum tucked 

round edges, of dig- 
m ot “open 

seromusculer layer 


Fig. 4—The seromuscular layer is closed except 
for its distal 4 cm. (illustrated), or a Heinecke- 
Mikulicz closure is performed. 


Results 


All dogs survived the procedure. The 
usual postoperative course was one of re- 
fusal to eat and vomiting for several days, 
followed by resumption of full eating habits. 
This was reflected in a return of full activity 
and weight gain (average, +1.6%) on the 
part of all animals during the postoperative 
year of observation. 

At the end of a year of observation the 
animals were killed and the stomachs studied 
in the gross and microscopically. Study of 
the antral demonstrated pliable 
gastric walls without evidence of inflam- 
matory reaction. The mucosae of the pars 
media healthy and completely 
affixed to the underlying seromuscular antral 
wall. In many instances a few millimeters 


regions 


appeared 
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of retained antral mucosa could be found 
adjacent to the anastomosis. 


Comment 


We believe that the procedure, as outlined, 
fulfills all of the criteria for the “ideal” 
ulcer operation noted above and is founded 
on well-documented and confirmed physio- 
logical facts. 

Both the cephalic phase and antral phase 
of stimulation of gastric secretion are re- 
moved. The cephalic phase is ablated by 
complete vagectomy. This phase is respon- 
sible for some 45% of gastric secretions in 
the normal experimental animals and is 
markedly increased in all patients with 
duodenal ulcer. Dragstedt has shown that 
the 12-hour fasting nocturnal secretion (a 
measure of the cephalic phase which in the 
normal is of the order of 15-18 mEq. HCl 
12 hours) is 
duodenal 


per routinely elevated in 
ulcer patients to which 


average 60 mI-q. per 12 hours and reduced 


levels 


by vagectomy to an average of 11 mEq. 
per 12 hours. 

The antral phase of gastric secretion is 
ablated by sleeve resection of the antral 
mucosa. This phase is responsible for some 
45 of stimulation of gastric secretion in 
the normal experimental animal,® and while 
it cannot be directly measured in the human 
patient, it has been incriminated as_ the 
cause of recurrent ulceration in the failures 
of vagectomy.® In 1949 Lewis demonstrated 
that sleeve resection of the antral mucosa 
caused a marked reduction of acidity fol- 
lowing a meat meal.'? More recently, 
Baugh, Barcena, Bravo, Dragstedt,® 
investigating the site and mechanism of 
gastrin (the humoral substance 
responsible for the antral phase of gastric 
secretion), have demonstrated that even the 
most potent stimuli fail to elicit the antral 
phase of gastric secretion if the antral 
mucosa is resected. 


and 


release 


The question may be raised as to whether 
the procedure, as performed, resects the 
entire antral mucosa. The limits of antral 
resection chosen were based on studies of 


Martin et al. 


the distribution of various cell types in the 
stomach by Postmortem micro- 
scopic examination confirmed that, as per- 
formed, 95% to 100% of antral cells are 
removed, That a small remnant of gastric 
antrum elicits no significant stimulation of 
gastric secretion has been repeatedly dem- 
onstrated,!*:?338 and is dependent upon the 
antral remnant remaining in continuity with 
the proximal portion of stomach. 

In addition to the stimulating role that the 
pyloric antrum exerts upon gastric secre- 
tion, as described above, the antrum—under 
suitable conditions—may be responsible for 
a depressant effect upon gastric secretions. 
These opposing roles, at one time stimulating 
and at another time depressing secretion by 
the parietal cells of the fundus, are also 
played to a much slighter extent by the 
duodenum. Whether or not the antrum and 
duodenum will stimulate or depress gastric 
secretion is dependent upon the degree of 
acidity of the substances stimulating the 
antrum and duodenum. This is not a recent 
discovery but was first noted, according to 
Babkin,' as long ago as 1904 by Sokolov, 
working in Pavlov’s laboratory, and was 
more fully studied by Wilhelms and as- 
36.37 in 1936 and Pincus and 
associates 74 in 1942. Under normal circum- 
stances this duality of effect upon gastric 


sociates 


secretion operates as a biological negative 
feed-back With the entrance 
of food into the stomach 
gastric secretion is stimulated. 


mechanism. 
and duodenum 
This 


con- 


tinues until the acid concentration is very 
high. When the pH falls to levels of less 
than 3.5 in the antrum and less than 2.5 in 
the duodenum, the antrum and duodenum 
begin to suppress gastric secretions. 


A number of recent investigations,'*** 
which have provoked considerable discus- 
sion, have concluded that in ulcer surgery 
it is advisable to retain the entire gastric 
antrum, if this can be left in continuity with 
fundic tissue These studies very 
nicely demonstrated that if gastric acidity 
kept high 
(through the agency of direct stimulation 


above. 


is artificially continuously 
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of parietal cell secretion by histamine injec- 
tions) fewer ulcers will form in animals 
with the antrum in situ than in animals with 
the antrum resected. It is, of course, to be 
expected that if acid concentration is kept 
maximal by daily histamine-in-beeswax in- 
jections, the suppressive rather than the 
stimulating role of the antrum will be opera- 
tive and removal of antrum will be a liability. 
Surgical application of the dramatic findings 
of the above experiment is limited by two 
considerations: 1. As opposed to the condi- 
tions of the experiment, under physiologic 
conditions the parietal cell secretion of acid 
is almost wholly dependent upon stimula- 
tion via the vagus nerves and via the pyloric 
antrum. 2. Any acceptable ulcer operation 
must guarantee against the attainment of 
acid levels which could even begin to bring 
the suppressive role of the antrum into 

The procedure, as performed, retains the 
complete gastric pouch and should con- 
sequently encourage oral intake and diminish 
dumping. Ingested foodstuffs traverse the 


“natural” pathway from stomach through 
duodenum, The “natural” pathway is known 
to diminish the incidence of dumping *° and 
increase the absorption of fat and protein.® 


The procedure, as performed, entails no 
surgery in the inflamed region of the ulcer 
and thus avoids any difficult dissection and 
closure or anastomosis. Both the Dragstedt 
and the Wangensteen procedures share this 
feature of avoiding the inflamed ulcer-bear- 
ing areas. The large series of cases in which 
these latter two procedures have been 
performed without complicating progression 
of the ulcer sites attests to the safety of 
leaving the ulcer in situ. In the patient with 
an actively bleeding duodenal ulcer, it may 
be best to excise the ulcer. Further, surgery 
is faster, easier, and safer when only normal 
tissues are encountered. 

In summary, then, the procedure de- 
scribed in this report is technically feasible 
and, we believe, satisfies all of the criteria 
listed above for an “ideal ulcer operation.” 
Still, we feel that we cannot recommend it. 
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Technically, it is an impractical procedure. 
The resection of the antral m-‘cosa can be 
quite tedious. Hemostasis of the denuded 
submucosa may be difficult. The operating 
time may be increased some two to four 
hours over the time required for a routine 
subtotal gastrectomy. 

As a consequence, it would appear de- 
sirable to alter the operative procedure in 
such a fashion that the resultant physiologic 
preparation is in essence the same, while the 
tedious and time-consuming technical dif- 
ficulties described above are avoided. This 
goal might be accomplished by substituting 
for the difficult sleeve resection of the antral 
mucosa, a partial antrectomy in which the 
distal line of resection is just proximal (1-2 
cm.) to the pylorus. The operative pro- 
cedure would then be abdominal vagectomy, 
suprapyloric (95%) antrectomy, and gas- 
tropylorostomy with a concomitant pyloro- 
plasty. 

Transection at this level would retain the 
virtue of avoiding the often difficult and 
dangerous dissection in the inflamed region 
of the duodenal ulcer, and also make for 
a safer anastomosis. And, as noted above, 
previous studies 75:38 have demonstrated 
that the small amount of antral tissue left 
in situ in the 1-2 cm. pyloric cuff would not 
stimulate acid secretion when left in con- 
tinuity with the gastric pouch, 

This operation would be physiologically 
identical with the experimental preparation 
described above except that it sacrifices 
some 20% of the gastric reservoir, This 
decrease constitutes a rather modest com- 
promise which should not have nutritional 
sequelae. 

An evaluation of this modified procedure 
is now being conducted in our laboratory. 


Summary and Conclusion 


Careful follow-up of the usual operations 
performed for duodenal ulcer reveal an ap- 
preciable incidence of unsatisfactory results. 
Operative complications in the main are 
related to difficult dissection of the ulcerated 
duodenum from its bed. The late complica- 
tions of (1) recurrent ulceration, (2) in- 


Vol. 79, Sept., 1959 


ad 
a. 
ij 
a 
j 


DUODENAL ULCER SURGERY 


ability to maintain adequate nutritional 
status, and (3) the dumping syndrome, are 
disturbingly frequent. 

As a procedure to obviate these dif- 
ficulties, vagectomy and sleeve resection of 
the antral mucosa was designed to fulfill 
the following criteria for an “ideal” ulcer 
operation: (1) guarantee adequate control 
of acid secretion; (2) retain as large a 
gastric pouch as possible; (3) retain the 
normal pathway of food from the stomach 
through the duodenum; (4) discourage 
rapid emptying of the stomach, and (5) 
avoid the difficult and dangerous dissection 
and closure or anastomosis in the region 
of the ulcer. 

The physiological bases for the operation 
are discussed. 


The technique of the operation as per- 
formed on 14 dogs is described. While the 
procedure was feasible, it was found to be 
technically impractical; accordingly, a readily 
and rapidly performed modification is sug- 
gested. 


Jackson Memorial Hospital (36). 
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Studies in Duodenal Ulcer Surgery 


II. Effect of Partial Antrectomy and Vagotomy on Acidity 


DANIEL S. MARTIN, M.D., Miami, Fla., and PAUL G. KOONTZ Jr., M.D., New York 


Introduction 


Among the proponents of vagotomy in 
the surgical treatment of duodenal ulcer, the 
preferred method of dealing with the gastric 
antrum Antral_ hy- 
perfunction has been implicated as causative 


remains controversial. 


in the recurrence of peptic disease following 
vagotomy alone and vagotomy in combina- 
tion with a drainage procedure.?** Conse- 
quently, many clinicians regard the removal 
of the entire antrum as mandatory in the 
surgical control of gastric acid hypersecre- 
tion. 

In recent years, however, some laboratory 
work has predicated an inhibitory action of 
the antrum on gastric acidity under certain 
In addition, clinical studies 
on patients who have undergone surgical 
procedures for duodenal ulcer disease in 
which the antrum was not removed have 
shown an apparently adequate ablation of 
gastric hyperacidity.'"° And further, it has 
been demonstrated that a small remnant of 
gastric antrum elicits no significant stimula- 
tion of gastric secretion,®* and is dependent 
upon the antral remnant remaining in con- 
tinuity with the 
stomach, 


proximal portion of 


These findings instigated the following 
study to obtain data bearing on whether 
partial antrectomy in combination with 
vagotomy may be sufficient to abolish, or 
reduce to safe levels, the antral, or hormonal 
phase of gastric acid stimulation. If so, 
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then the advantages that would accrue would 
be minimal sacrifice of gastric reservoir 
and minimal technical difficulties inasmuch 
as difficult dissection and closure or anasto- 
mosis in the region of inflamed ulcer-bearing 
areas would be avoided. 


Methods 


Nine healthy mongrel dogs were operated upon 
in two stages. First, a standard transabdominal 
vagotomy and pyloromyotomy was carried out and 
a Heidenhain pouch prepared (Figure, Stage I). 
A plastic or stainless steel cannula was placed in 
the pouch to allow 24-hour collections of its se- 
cretions by means of an attached rubber balloon. 

The second stage consisted of partial antrectomy, 
division of the pylorus, and end-to-end anastomosis. 
One centimeter of 


pylorus was retained and the remainder of the 


antrum just proximal to the 


antrum was resected. The proximal line of resec- 
tion was established at 8 cm. proximal to the 
pylorus. The adequacy of resection of the proxi- 
mal antrum was documented by the presence of 
gastric mucosa of the fundic type in microscopic 
sections taken from the proximal margin of the 


STAGE I 
Vagotomy, pyloromyotomy,and Heidenhain pouch 


STAGE I 
Partial antrectomy 


or 


Diagram of the operative procedures and their 
staging. 
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Summary of the Average Daily Collections of Gastric Juice from the Individual 
Heidenhain Pouches 


After Operation No. 1 


After Operation No. 2 


Total 
(mEq. of 
Acid) 


Concentration 
(Units) 


Volume 
(Liters) 


0.074 78 
15.7 


No. of 
Collections 


Total 
(mEq. of 
Acid) 


Volume 
(Liters) 


No. of 
Collections 


Concentration 
(Units) 


0.153 118 18.1 20 
0.089 124 11.0 27 
0.095 9.3 20 
0.011 0.5 20 
0.173 21.5 24 
0.129 154 20 
0.196 22.3 22 
0.031 2.3 21 
0.008 0.4 


resected specimen, and proved to be adequate in all 
cases. 

The animals were maintained on a standard ken- 
nel diet plus 500 cc. of milk daily. The procedures 
were carried out under intravenous pentobarbital 
(Nembutal) anesthesia and sterile operating room 
conditions. Penicillin and streptomycin were ad- 
ministered during the early postoperative period. 

A recovery period of one month was allowed 
following each procedure and then a series of 20 or 
more 24-hour collections of the Heidenhain pouch 
output was made. The volume was recorded and 
the acid concentration measured by titration with 
0.1 N NaOH utilizing Toepffer’s indicator. The 
total milliequivalents of acid output per day was 
calculated by multiplying the volume in liters times 
the acid concentration in clinical units. 

By this means the Heidenhain pouch output, as 
a measure of the antral or gastrin phase of acid 
stimulation, was compared in the vagotomized ani- 
mal with the antrum intact and with only a 1 cm. 
remnant, or approximately 10%, of antrum remain- 
ing. 


Results 


The accompanying Table lists the average 
figures for the series of 24-hour Heidenhain 
pouch collections for each dog following the 
two operative procedures in terms of volume 
of secretions, acid concentration, and total 
milliequivalents of acid. 


Seven of the nine dogs show marked 
reduction in Heidenhain pouch output fol- 
lowing the second stage procedure of sub- 
total antrectomy. Increase in output followed 
this procedure in the remaining two of 
these animals (602, 695). Of interest is 
the fact that these two dogs were unique in 
that following the second procedure both 


164/508 


failed to gain weight and were noted to 
vomit or refuse their feedings, and at 
autopsy marked constriction of the anasto- 
mosis and accompanying gastric dilatation 
was found. The 24-hour stimulation of the 
1 cm. antral remnant from retained food 
and the accompanying gastric distension 
were apparently sufficient to result in acid 
hypersecretion. 


Comment 


While the antral inhibitory function that 
has been demonstrated experimentally has 
been cited in favor of leaving the antrum 
intact in duodenal ulcer surgery, this 
inhibitory activity may not be of great im- 
portance under physiological conditions. Ap- 
parently the antrum does not function 
effectively in this capacity in the patient 
with duodenal ulcer, and in the laboratory 
animal the degree of acidity required to 
stimulate the inhibitory response would not 
seem to be consistent with an effective 
surgical ablation of gastric hyperacidity. 


Although Woodward et al.1! suggested 
that removal of the entire antrum was neces- 
sary to significantly reduce the Heidenhain 
pouch output in dogs with intact vagi, others 
have subsequently reported a reduction in 
Heidenhain pouch acidity proportional to 
the amount of antrum resected? The 
present data suggest that 90% antrectomy 
in the vagotomized dog, leaving a 1 cm. cuff 
of antrum in continuity, achieves effective 
control of gastrin release. 
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While the two dogs with continuing high 
acidity reveal the potential of the 1 cm. 
antral remnant for hyperactivity, the gastric 
retention found to be associated with this 
condition in these dogs would obviously not 
be tolerated in the postoperative patient. 

It is felt then that 90% antrectomy and 
vagotomy should control the “trigger 
mechanisms” of gastric acid hypersecretion 
while the anastomosis of proximal stomach 
to a narrow cuff of antrum avoids the dis- 
section and closure or anastomosis in the 
region of the chronic duodenal ulcer. This 
procedure retains a large gastric pouch in 
normal continuity favoring good postopera- 
tive nutrition. Postoperative nutritional 
status remains the chief source of dis- 
satisfaction with the standard techniques 
employed to achieve ablation of acid hyper- 
secretion. A clinical trial of the above 
procedure for chronic duodenal ulcer is felt 
to be warranted. 


Summary 


Nine dogs were operated upon in two 
stages. Vagotomy with pyloroplasty and 
the preparation of a Heidenhain pouch was 
the first stage and 90% antrectomy and 
direct gastroantrostomy was the second 
stage. The Heidenhain pouch output, as 
a measure of gastrin release, following the 
two procedures was compared. This proce- 


dure, it is felt, controls the major “trigger 
mechanisms” of gastric acid hypersecretion, 
and the anastomosis is accomplished away 
from the region of the chronic duodenal 
ulcer, while a large gastric pouch is retained. 


Jackson Memorial Hospital (36). 
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Studies in Duodenal Ulcer Surgery 


III. Partial Vagotomy with Complete Gastric Vagotomy 


DANIEL S. MARTIN, M.D., Miami, Fla.; HAROLD D, HARVEY, M.D., and PAUL G. KOONTZ Jr., M.D., 


New York 


Introduction 

Vagectomy has become well established in 
recent years as an important tool in the 
surgical treatment of duodenal ulcer. 

That the procedure is gaining an ever- 
widening acceptance is seen by its inclusion 
as the number of rela- 
tively new operations for duodenal ulcer 


being utilized by different clinical investi- 
3,5,11,12 


basic step in a 


gators. 

The many writers in the field continue 
to evince great interest in the nutritional 
aspects of the surgery cf peptic disease. 
Dissatisfaction with the results in this gen- 
eral area has probably been the most im- 
portant stimulus to the development of new 
approaches, most of which have in common 
the effort to retain a more adequate gastric 
reservoir than that permitted by the stand- 
ard two-thirds to three-fourths resection. 

Vagectomy is the step which has allowed 
greater leeway in the amount of parietal 
cell-bearing gastric fundus that may be left 
intact without fear of continuing gastric 
acid hypersecretion. 

That vagectomy itself is not completely 
innocuous, however, is seen from the occa- 
sional unpleasant side-effects observed in 
the vagotomized patient, and objection has 
often been raised against the procedure on 
this basis. 

As a possible factor related to these post- 
vagotomy complaints, often associated with 
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nutritional disturbance, Griffith and Hark- 
ins * take cognizance of the massive para- 
sympathectic denervation of the abdominal 
viscera which accompanies the standard 
vagotomy as perhaps associated with un- 
toward physiological changes in _ these 
denervated organs, particularly the gastro- 
intestinal tract and accessory digestive 
organs. For in the course of interrupting 
the vagal supply to the stomach by the usual 
techniques of vagotomy, the vagal branches 
to liver, gallbladder, pancreas, adrenals, 
kidneys, small bowel, and large bowel to 
the midtransverse colon sacrificed. 
These investigators recently reported on 
their success in accomplishing an adequate 
gastric vagotomy in dogs while preserving 
the vagal trunks to the other abdominal 
viscera. They were further able to limit 
their vagal neurectomy to those branches 
supplying the fundus and corpus of the 
stomach, leaving intact the branches to the 
antrum, pylorus, and duodenum. This “par- 
tial gastric vagotomy” they felt lessened the 
gastric stasis in the intact stomach follow- 
ing vagotomy, but control of acid secretion 
in this group was equivocal. 

That vagotomy limited to the stomach 
alone is a possibility from an anatomical 
point of view is clearly seen from studies 
of the abdominal distribution of the vagi.2** 
McCrea, in his careful dissection of the 
subdiaphragmatic vagi, describes the readily 
identifiable branch of the anterior vagal 
trunk which may be traced to the porta 
hepatis with twigs coming off toward the 
pylorus, duodenum, and head of the pan- 
creas. The posterior vagus is described as 
giving off large trunks in association with 
the left gastric artery, which go to the right 
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and left celiac plexuses, and give off fibers 
which “may be traced directly on to the 
splenic artery and to the pancreas and 
some, anastomosed with sympathetic fibers, 
run with the superior mesenteric artery and 
hepatic artery and to the renal and supra- 
renal plexus.” 

From this it may be seen that vagal 
branches to nongastric sites might be iden- 
tified and preserved while accomplishing the 
division of those fibers which supply the 
stomach. 

The purpose of this paper is to discuss 
the feasibility of vagal denervation limited 
to the stomach in humans and to report on 
the performance of this procedure in 13 
patients with a two- to three-year follow-up 
at present. 


Methods 


The technique of gastric vagotomy employed 
in this series, accomplished either in conjunction 
with partial gastric resection for duodenal ulcer, 
or alone, as for a postsubtotal gastrectomy mar- 
ginal ulcer, is as follows: Through an upper mid- 
line alba incision the left coronary ligament of the 
linea is divided to allow optimal exposure of the 
esophagus as it presents through the diaphragm. 
The peritoneum is incised over the distal esophagus 
and the esophagus is then mobilized by blunt dis- 
section in the usual manner. The vagi are identified 
as in the standard procedure of vagectomy, and a 
portion of the anterior vagus nerve is resected. 
The posterior vagus nerve is dissected off the dis- 
tal esophagus, and a tape is passed around it to 
allow gentle traction. The posterior vagus is then 
carefully dissected free from its attachments along 
the lesser curvature of the stomach until the branch 
which runs posteriorly to the celiac plexus is iden- 
tified. This branch is of relatively substantial size 
and is usually seen to come off the posterior vagus 
in close proximity to the left gastric artery as it 
is described in McCrea’s study. The posterior 
vagus nerve is then divided just distal to this 
branch, which The re- 
mainder of the then divided 
from its omental attachments and vascular supply. 

No source of parasympathetic supply to 


is carefully preserved. 


lesser curvature is 


the stomach arising in the celiac plexus with 
its intact vagal branch has been described 
in the thorough anatomical studies men- 
tioned above, so the preservation of this 
branch by the technique described would 
appear to incur no greater risk of incom- 
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plete interruption of vagal innervation to 
the stomach than that which attends the 
usual technique of transabdominal vagec- 
tomy. 


Results 


This procedure was performed on 13 
patients. In 11 the described type of gas- 
tric vagotomy was employed in association 
with 50% gastrectomy and gastrojejunos- 
tomy for duodenal ulcer disease. In the 
remaining two patients, who had both had 
previous subtotal gastrectomies, this type 
of gastric vagotomy alone was carried out 
in treatment of their marginal ulcer. Post- 
operative Hollander tests were done on all 
the patients, and in no instance was the 
presence of free acid in the gastric analyses 
reported. 


The patients have remained well in the 
postoperative period although one patient 
has been unable to regain his preoperative 
One or two patients experienced 
mild dumping symptoms in the early post- 
operative period, which have subsequently 


weight. 


cleared. 


Comment 


It is generally held that the vagus does 
not play a vital regulatory role in the func- 
tion of most of the abdominal organs to 
which it supplies branches. However, little, 
if any, is known about the significance of 
the vagal innervation of many of them, and 
it might be expected that the interruption 
of vagal supply to these organs is accom- 
panied by some alterations in function. 

Studies on postvagotomy patients, for 
example, reveal their pancreatic response to 
test meals to be diminished in terms of the 
volume, alkalinity, and especially the en- 
zyme concentration of the pancreatic secre- 
tions as compared with that of normal 
persons.’ Snape’ and others® have 
shown reduced contractility of the gall- 
bladder in the vagotomized patient. 

Since vagotomy in the treatment of peptic 
ulcer is intended simply to denervate the 
stomach, the avoidance of the unnecessary 
sacrifice of the vagal supply to the other 
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abdominal organs would seem to be a 
worth-while refinement in the procedure. 

It is felt that before the value of preserv- 
ing the nongastric vagal branches can be 
accurately assessed, a 5- to 10-year follow- 
up on a large series of patients must be 
reviewed with particular reference to the 
general nutritional status of the patients. 
It is hoped that the current interest in this 
technique may make such a study possible. 
In view oi the limited information to be 
obtained from pancreatic function tests in 
terms of the over-all status of the gastro- 
intestinal tract and accessory digestive or- 
gans, it was not felt that these tests would 
aid appreciably in the evaluation of this 
procedure. Later studies of small bowel, 
biliary, and pancreatic function may be of 
some value, however. 

The Griffith-Harkins procedure in dogs 4 
includes careful dissection of the twigs of 
the anterior and posterior vagal trunks 
along the lesser curvature in order to pre- 
serve the branches to the distal stomach 
and duodenum. It is felt that the important 
step of preserving the major part of the 
vagal innervation to the nongastric organs 
is achieved in the above considerably sim- 
pler procedure. 

It is clear that the described technique 
of gastric vagotomy cannot be expected to 
improve on the standard method of trans- 
abdominal vagotomy with regard to ablation 
of vagal innervation of the stomach. 

The advantage of this alteration in tech- 
nique rather must be sought in the nutri- 
tional sphere, and this advantage remains 
to be proved in a significant series of pa- 
tients with a careful long-term follow-up. 
At this writing, therefore, the described 
technique is not recommended as a_re- 
placement for the standard transabdominal 
vagotomy. 

It should be mentioned here that a slight 
variation in the above-described technique 
of gastric vagotomy was carried out in an 
additional six patients. In this group the 
lesser omentum and its neurovascular at- 
tachments along the entire lesser curvature 
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side of the stomach and lower esophagus 
were cut as high up as the right vagus is 
customarily divided. It was hoped to thus 
interrupt all branches that run from the 
right trunk(s) to the stomach wall, and yet 
preserve the branches that run to the celiac 
ganglion. That this technique did not al- 
ways succeed in eliminating the vagal inner- 
vation of the stomach is suggested by the 
postoperative course in one of these six 
patients characteristic of marginal ulcera- 
tion. This case demonstrated a_ clearly 
positive postoperative Hollander test. It is 
probable that this failure would have oc- 
curred if the standard vagotomy had been 
the technique employed, but only a larger 
series would establish this. 

Our described method of accomplishing 
a gastric vagotomy is not recommended at 
this writing as a replacement procedure for 
the standard way of doing a bilateral sub- 
diaphragmatic vagotomy. Rather, it is be- 
ing reported as technically feasible in man 
with the reservation that its real value 
awaits the completion of a sufficiently large 
series followed for a long enough time 
period to permit objective evaluation as to 
whether nutritional gain was accomplished 
by this type of vagotomy, limited to the 
stomach alone. It should be noted, however, 
that the technique is useful when locating 
the right vagus trunk is difficult and it is 
safer and easier just to divide the tissues 
along the lesser curve of the stomach and 
lower esophagus. 


Summary 


Vagotomy is now a widely accepted tool 
in the surgical treatment of duodenal ulcer. 
It is included in many procedures which 
aim at control of gastric hypersecretion 
with limited sacrifice of the reservoir ca- 
pacity of the stomach in order to improve 
the results in the nutritional sphere of sur- 
gically treated ulcer patients. 

Vagotomy itself, however, is associated 
with massive parasympathetic denervation 
of the abdominal organs, and this feature 
of the conventional techniques of vagotomy 
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must be scrutinized as possibly contributing 
to complaints in the nutritional area. 

The performance in 13 patients of vagot- 
omy accomplishing vagal denervation of the 
stomach while preserving the major vagal 
segment supplying the other abdominal or- 
gans is described. This paper represents 
an interim report to state that such a tech- 
nique is practical in humans and perhaps 
merits further clinical trial. The further 


evaluation of this refinement in the tech- 
nique of vagotomy must await an extended 
follow-up of a large series of patients. 


Jackson Memorial Hospital (36). 
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Pathologic Correlation of Gallstones 


A Review of 1,874 Autopsies of Patients with Gallstones 


DONALD D. KOZOLL, M.D., M.S. (Surgery); GEORGE DWYER, M.D., and KARL A. MEYER, M.D., Chicago 


Introduction 


Cholelithiasis has been described as a 
disease of civilization. With the improve- 
ment in the longevity of man, an increasing 
incidence of gallstones and complications 
thereof is to be anticipated; i. e., paren- 
thetically, then, one should add _ that 
cholelithiasis is a disease of an “aging civili- 
zation.” Although a large bibliography 
exists identifying surveys of clinical cases 
relating to etiological factors for gallstones, 
remarkably few autopsy reports purport to 
do the same thing. In many respects, nec- 
ropsy studies alone could contribute such 
information. The existence of pathologic 
conditions of related and unrelated organs 
are often noi recognizable by clinical or 
laboratory methods alone. In an aging pop- 
ulation, it becomes increasingly important 
to know what coexistent or complicating 
disease the physician must be prepared to 
meet. It was felt, then, that the data from 
a large autopsy material such as ours would 
fill a few of the gaps in our knowledge. 


Material and Methods 


The completed protocols of 29,618 autopsies 
consecutively performed in the Department of 
Pathology of the Cook County Hospital between 
the years 1929 and 1952, inclusive, were screened 
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for cases of cholelithiasis as a primary or second- 
ary anatomical diagnosis. These were then re- 
viewed and abstracted on to work sheets, using the 
“Standard Nomenclature” system code. The work 
sheets were then divided into the following cate- 
gories : 

Group 1: Gallstones found incidentally without 
disease of the gallbladder or biliary tract—cholecys- 
tolithiasis, or “silent” gallstones 

Group 2: Gallstones in association with chronic 
cholecystitis 

Group 3: Cholelithiasis with acute cholecystitis 

Group 4: Cholelithiasis and carcinoma of the 
biliary tract 

Group 5: Cholelithiasis with gallstone ileus 

Group 6: Choledocholithiasis with jaundice 

Group 7: Choledocholithiasis without jaundice. 

The accumulated work sheets of each category 
were then entered on a master work sheet, from 
which all correlations were made. 


Clinical Findings 


Incidence.—A total of 1,874 autopsies in 
which one or more gallstones was found 
out of an autopsy population of 29,618 
constituted an absolute autopsy incidence 
of cholelithiasis of 6.3%. 

In the entire group of 1,874 autopsies, 
cholecystolithiasis alone accounted — for 
34.7% of all gallstone cases (634 cases), 
and 48.8% of all gallstone cases were asso- 
ciated with chronic cholecystitis (930 cases). 
Three per cent of all gallstone cases showed 
acute cholecystitis (55 cases). The inci- 
dence of carcinoma of the biliary tract was 
4.5% of all cases of gallstones (86 cases). 
Gallstone ileus accounted for 1.2% of the 
cases (23 cases); choledocholithiasis with 
icterus, for 3.8% (71 cases), and choledo- 
cholithiasis without icterus, for 4% (75 
cases) of cholelithiasis autopsies. 

Age.—In only 4 (0.22%) of the 1,874 
cases was the patient under the age of 9 


years. All four of these were cases of 
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TaBLe 1.—Comparison of Age Distribution of 
General Autopsy Population with Autopsied 
Cases of Cholelithiasis 


No. of 
Choleli- 
thiasis 


No. of 
Autopsy 
Cases 


Choleli- 
thiasis 
Cases, % 


Autopsy 
Cases, % 


8,362 

885 
1,447 
2,612 
4,001 
4,661 
4,184 
2,459 


Unknown 


Total 


However, 28.2% of all 
autopsies were of patients in this decade. 
There were five patients (0.26% ) between 
the ages of 10 and 19 years; four of these 
had cholecystolithiasis, and one, cholecysto- 
lithiasis with chroni¢ cholecystitis. Two and 


cholecystolithiasis. 


nine-tenths per cent of all autopsies were 
done in this decade (Table 1). 

3etween the ages of 20 and 29 years, 
there were 30 cases of gallstones; this dec- 
ade made up 4.8% of all autopsies. Of the 
30 cases, 9 were instances of “silent” gall- 
stones (cholecystolithiasis); 19 were cases 
of cholecystolithiasis with chronic cholecys- 
titis; 1, of cholecystolithiasis with acute 
cholecystitis, and 1, of gallstone ileus. 

In the age decade of 30-39 years, there 
were 97 protocols of patients revealing 
cholelithiasis. This group accounts for 
8.8% of the autopsies. Of the 97 cases, 39 
(5.1% ) 


‘ 


were considered to be cases of 
‘silent’ gallstones; 45, of gallstones with 
chronic cholecystitis; 4, of gallstones with 
acute cholecystitis; 1, of carcinoma of the 
gallbladder with gallstones; 3, of stones of 
the common bile duct with jaundice, and 5, 
of common-duct stones without jaundice. 
This was the earliest recorded decade for 
the onset of choledocholithiasis, although 
clinically we have seen it in a 17-year-old 
parous Mexican girl. 

In the age decade of 40-49 years, there 
were 258 cases, or 13.7% of all gallstone 
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cases; 13.5% of all autopsies were per- 
formed in this decade. In this age decade, 
94 cases were of stones silent in nature; 
131 were of gallstones associated with 
chronic cholecystitis. In 7 cases the gall- 
stones were associated with acute cholecys- 
titis; in 5, with carcinoma, and in 2, with 
gallstone ileus. In this decade there were 13 
cases of choledocholithiasis with jaundice 
and 6 of choledocholithiasis without jaun- 
dice. 

The age decade of 50-59 years constituted 
404, or 22.0%, of the 1,874 cases; 15.6% 
of all autopsies were done in this decade. 
In 145 of these cases the gallstones were 
“silent.” In 198 cases gallstones were as- 
sociated with chronic cholecystitis; in 12, 
with acute cholecystitis, in 18, with carci- 
noma, and in 8, with gallstone ileus. In 
9 cases there was choledocholithiasis with 
jaundice, and in 14, choledocholithiasis 
without jaundice. 

The decade of 60-69 years of age con- 
stituted 523, or 27.9%, of the 1,874 cases; 
14.1% of our autopsies were done in this 
decade. This was definitely the peak con- 
centration. Of the total of 523 cases, 169 
represented “silent” gallstones; 271, gall- 
stones with chronic cholelithiasis; 15, chol- 
elithiasis with acute cholecystitis; 34, 
carcinoma associated with cholelithiasis; 3, 
gallstone ileus; 15, choledocholithiasis with 
jaundice, and 16, choledocholithiasis without 
jaundice. 

In the decade of 70-79 years of age, the 
incidence of cholelithiasis was 401 cases, or 
21.4%; 8.3% of our autopsies were done 
in this decade. Of the 401 cases, 122 were 
thought to be instances of “silent” gall- 
stones; 198, cases of gallstones with chronic 
cholecystitis; 11, cases of acute cholecys- 
titis with gallstones; 21, cases of gallstones 
with carcinoma of the gallbladder; 4, cases 
of gallstone ileus; 21, cases of choledocho- 
lithiasis with jaundice, and 22, choledocho- 
lithiasis without jaundice. 

Of the decade covering the ages 80-89 
years, there were 133 cases, or 7.10%, 
of the total 1,874; 1.8 of our autopsies 
were done here. Of these, 42 were consid- 
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TABLE 2.—Age Distribution of 1,874 Autopsied Cases of Cholelithiasis According to 
Diagnostic Category * 


Acute 

Cholecystitis Cholecystitis 

Cholecysto- & Cholecysto- & Cholecysto- 
lithiasis, lithiasis, lithiasis, 


Age, Yr. % of 634 Cases % of 930 Cases % of 55 Cases 


Choledocho- 
lithiasis 
Without 

Jaundice, 
% of 75 Cases 


Choledocho- 
lithiasis 
& Jaundice 
% of 71 Cases 


Carci of 
Biliary Tract, 
% of 86 Cases % 


Gallst 


Tleus, 
of 23 Cases 


* Age distribution determined, to see where maximal concentration of cases of each diagnostic group occurs. 


ered to be cases of “‘silent’’ gallstones; 58, 
cases of gallstones with chronic cholecys- 
titis; 4, cases of acute cholecystitis with 
gallstones; 6, cases of gallstones with carci- 
noma of the biliary tract; 4, cases of gall- 
stone ileus; 8, cases of choledocholithiasis 
with jaundice, and 11, cases of choledocho- 
lithiasis without jaundice. 

There were 13 cases of gallstones in 


patients past the age of 90; 52 autopsies 
were performed on patients past the age of 


90. Of the 13 cases, 2 were of “silent” 
gallstones; 7 showed stones with cholecys- 
titis; 1, gallstone ileus; 2, choledocholithiasis 
without jaundice, and 1, choledocholithiasis 
with jaundice. 

There were eight cases of gallstones in 
patients of unstated age, presumably senile. 


Table 2 shows the distribution of each 
diagnostic category according to the age 
decade; e. g., what decade, if any, shows a 
significant predilection for carcinoma of the 
biliary tract associated with cholelithiasis ? 
The age decade of 60-69 years dominated. 
The age decade of 50-59 years dominated 
as far as gallstone ileus was concerned, and 
the decade of 70-79 years, for choledocho- 
lithiasis. 

Table 3 shows the converse correlation— 
e. g., at any one decade what are the rela- 
tive chances for each of the biliary compli- 
cations likely to occur? Past the age of 
20 and through the ninth decade (a sig- 
nificantly large series) each diagnostic 
category showed a remarkable degree of 
constancy for the incidence of cholecysto- 


TaBLe 3.—Distribution by Decades of 1,874 Autopsied Cases of Cholelithiasis, Within 


Each Diagnostic Category * 


Acute 

Cholecysti‘is 

& Cholecysto- 
lithiasis, % 


No.of Cholecysto- 
Cases lithiasis, % 


& Cholecysto- 
lithiasis, % 


100 

20 

63.3 
46.3 
50.7 
49.0 
51.8 
49.6 
43.6 
53.8 
25 


Cholecystitis Gallbladder & 


Carcinoma of Choledocho- 
lithiasis 
Without 


Jaundice, % 


Choledocho- 
lithiasis & 
Jaundice, % 


Gallstone 
Tleus, % 


Cholecysto- 
lithiasis, % 


1.0 
19 
44 
6.5 
5.2 
4.5 


12.5 


* At any age decade, what are the chances, in percentages, of each complication occurring? 
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Mone 
1.42 2.04 1,82 4.35 
6.15 4.34 7.23 1.16 4.25 6.64 
14.85 14.05 12.72 5.80 8.70 18.3 8.0 
22.85 21.35 21.18 20.98 34.80 12.63 18.66 
26.65 27.15 27.3 39.57 13.0 21.15 21.35 
19.25 21.35 20.0 24.40 17.40 29.65 26.68 
6.63 6.24 7.23 6.98 17.40 11.25 14.64 
0.31 0.75 4.35 2.81 1.33 
ae 
10-19 5 
i 20-29 30 3.3 3.3 4 
30-39 97 41 1.0 3.0 5.1 
40-49 258 07 5.0 2.3 
sa 50-59 404 29 1.9 2.2 3.4 ikea 
60-69 523 28 0.5 28 3.0 
70-79 399 2.7 1.0 5.2 5.4 ee 
80-89 133 3.0 3.0 6.0 8.2 
90- 13 7.6 15.3 7.6 
? 8 12.5 = 
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TABLE 4.—Comparison of Race and Sex 
Distribution of General Autopsy Population 
with Autopsied Cases of Cholelithiasis 


Per Cent 
of Choleli- 
thiasis 
Cases 


No, of Per Cent 
Choleli- of 

thiasis Autopsy 

Cases Cases 


n 


Race 


674 36.6 35.8 
21.1 43.2 
21.6 5.4 
18.8 13.6 

0.18 0.74 

0.018 0.48 

0.11 

0.03 0.05 

13 0.48 
100- 100- 


White 
White 
Negro 
Negro 
Oriental 
Oriental 
Indian 
Indian ll 
Unknown 393 
Total 29,618 


lithiasis alone (30%-40%) or cholecysto- 
lithiasis complicated by chronic cholecystitis 
(409%-50% ). The probabilities of an acute 
cholecystitis were in the neighborhood of 
3.0%. The probabilities of carcinoma of 
the biliary tract in patients past the age 
of 50 ran from 4% to 6%. The numbers of 
cases of gallstone ileus were probably too 
small to be significant, the probability not 
being over 1.0%. The likelihood of choled- 


ocholithiasis in patients past the age of 30 
was always better than 5.0%, reaching 
peak indices of 10.6% in the 8th decade, of 
18.2% in the 9th, and of 22.9% in the 


10th decade; whether or not icterus was 
present did not follow an age pattern. 
Race and Sex.—The racial and sex dis- 
tribution of 1,874 autopsied cases of chole- 
lithiasis is given in Table 4. As compared 
with our total autopsy incidence represent- 
ing the same races and sexes, it is to be 


noted that the general autopsy incidence 
for white males and the gallstone autopsy 
incidence for white males are virtually the 
same, whereas for the white female the 
incidence of gallstone cases is twice that 
of the general autopsy incidence. The au- 
topsy incidence for the Negro male is four 
times that of the gallstone incidence, where- 
as in the Negro female this ratio was 
approximately 1.4:1. The numbers of Ori- 
entals and Indians preclude statistical 
appraisal. 

The closeness in incidence between the 
white male and the white female is prob- 
ably explainable by the preponderance of 
white males in the autopsy population. The 
total incidence of 79% of the cases in the 
white race, as compared with 19% for the 
Negro, is overwhelmingly out of propor- 
tion, for the incidence of Negroes in our 
autopsy population was 40.5% and that of 
white persons was 57.7%. The disparity 
between the Negro male and the Negro 
female was greater than their relative inci- 
dence in the total autopsy series. 

Table 5 represents the distribution of 
cases according to diagnostic categories vs. 
race and sex. In the category of cholecys- 
tolithiasis (“silent” gallstones), the incidence 
for the white male and that for the white 
female were approximately the same. How- 
ever, the incidence for the Negro female 
was more than twice that for the Negro 
male. In the category of cholecytitis compli- 
cating cholecystolithiasis, the incidence for 
the white female exceeded that for the white 


TABLE 5.—Percentile Race and Sex Distribution of 1,874 Autopsied Cases of 
Cholelithiasts 


Cholecystitis Cholecystitis Carcinoma of 
& Cholecysto- Biliary Tract & Gallstone 
Cholelithiasis 
% of 86 Cases 


Cholecysto- & Cholecysto- 
lithiasis lithiasis lithiasis 
Race Sex % of 634 Cases % of 930 Cases % of 55 Cases 
White 34.45 49.1 
White 45.15 30.95 
Negro M 5.50 al 
Negro 13.66 14.51 
Oriental M t 0.53 3.64 
Oriental F 0.17 1.81 
Miscellaneous & 
unknown 0.63 


Choledocho- 
lithiasis 
Without 

Jaundice 
% of 75 Cases 


Choledocho- 
lithiasis 
& Jaundice 
% of 71 Cases 


Tleus 
% of 23 Cases 


38.6 

41.31 
2.72 

16.06 


1.36 
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Autopsy 
Acute 
pos 
27.82 21.75 39.42 
55.7 60.84 49.32 
4.65 an 5.63 
10.42 13.06 5.63 
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male by approximately 10%. However, for 
the female Negro, this diagnosis was made 
almost three times as often as for the male 
Negro. In the category of acute cholecystitis 
complicating cholecystolithiasis, the inci- 
dence in the white male actually exceeded 
that in the white female, the only category 
in which it did. No instances of this compli- 
cation were noted in the Negro male. In 
the category of carcinoma of the biliary 
tract complicating cholecystolithiasis, the 
incidence in the female of the species was 
twice that in the male, white or Negro. This 
was true also of gallstone ileus. 
Common-duct stones and icterus were 
more frequent in the white female than in 
the white male; the incidence in the Negro 
race was one-eighth or less that in the white 
race. Common-duct stones without icterus 
showed less of a sex difference in the white 
race than in the Negro; the fact that it was 
seen without jaundice almost three times 
as often in the Negro female as with jaun- 
dice suggested the difficulty in recognizing 
low-grade clinical icterus in the Negro. 
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Biliary Pathology 


With the method of screening employed, 
it was to be anticipated that the 634 cases 
under the category of “‘silent” cholecystolithi- 
asis might not show any associated biliary 
pathology (Table 6). In 98% of these 
cases the calculus was formed; there were 
no data available as to the identity of the 
type of calculus. In 9.4% the calculus 
obstructed the cystic duct and produced an 
uncomplicated hydrops of the gallbladder. 

Of the 930 cases of chronic cholecystitis 
associated with cholelithiasis, a preformed 
calculus was found in 98.1%; 1.9% of these 
calculi existed as “cholesterosis.” The 
cholecystitis was shown to be of a chronic 
inflammatory nature in 95.1% of these 
autopsies and was not thought to be the 
cause of death in any instance. In 1.2% 
there was a superimposed acute cholecystitis. 
In 1.1% the chronic cholecystitis was com- 
plicated by empyema of the gallbladder. 
There were three cases of chronic cholecys- 
titis complicated by subacute perforation of 
the gallbladder with pericholecystic abscess 


TABLE 6.—Correlation of Biliary Pathology and Gallstone Disease 


Chronic 
Cholecystitis 


Cholecysto- 
lithiasis, % 


Cholecysto- 
Associated Pathology lithiasis, % 
Acute cholecystitis 
Fatal 
Empyema of GB 
Fatal 
Subacute perforation of GB 
with abscess 
Fatal 
Acute free perforation 
Fatal 
Cholecystoenteric fistula 
Fatal 
Chronic cholecystitis 
Cholesterosis 
Hydrops of GB 
Gallbladder calculus 
Cystic-duct calculus 
Hepatic-duct calculus 
Fatal 
Common-duct calculus 
Fatal 
Ampullary calculus 
Gangrenous cholecystitis 
Fatal 
Adenoma 


Acute 
& Cholecystitis Tract & 
& Chole- 
lithiasis, % 


Carcinoma 
of Biliary Choledocho- Choledocho- 
lithiasis lithiasis 

With Without 


Jaundice, % Jaundice, % 


Cholelith- 
iasis, % 


Gallstone 
Tleus, % 


88.6 11 4.3 

58.1 

12.7 43 
3.6 


29.0 
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(fatal in one). There was one case each of 
chronic cholecystitis complicated by an acute 
free perforation with peritonitis, gangrenous 
cholecystitis, and cholecystoenteric fistula; 
all of these were fatal complications. Hy- 
drops of the gallbladder was seen in 3.3% 
of this category, and there were two cases 
(0.2%) of adenoma of the gallbladder. 
The category of acute cholecystitis com- 
plicating cholecystolithiasis presented a de- 
monstrable calculus in every one of the 55 
cases so selected (100%). The cholecystitis 
was described as simple acute inflammation 
in 83.6% of these cases and was considered 
the cause of death in 58.1%. Evidence of 
preexisting chronic cholecystitis was re- 
ported in 23.6%; however, the predominant 
pathologic picture was that of acute chole- 
cystitis. In 12.7% empyema was present 
in addition, and was a fatal complication in 
3.6%. In only 5.4% was acute cholecystitis 
described as gangrenous, and it was con- 
sidered fatal in 18%. An acute free per- 
foration of the gallbladder was recorded in 
12.7%, in the majority of which it was 
fatal. A subacute perforation with peri- 
cholecystitis abscess was seen in 29% of 
this group of 55 cases and was considered 
the cause of death in 21.8%. In addition 
to the gallbladder calculus in all cases of 
acute cholecystitis, a common-duct calculus 
in this category was found in 36.2%, a 
hepatic-duct calculus in 5.4%, a cystic-duct 
calculus in 1.8%, and an ampullary calculus 
in 7.2%. This would suggest antecedent 
cholelithiasis, for in clinical practice such 
an incidence of common-duct stones with 
acute cholecystitis has not been reported. 
Gallbladder calculi were identified in 93% 
of the cases of carcinoma of the biliary 
tract; this series did not include cases with- 
out it. In addition, a cystic-duct calculus 
was seen in 3.3%; a common-duct calculus, 
in 2.2%, and an ampullary calculus, in 2.2%. 
The carcinoma was thought to be the cause 
of death of all but 1 of the 86 cases. Of 
the cases of carcinoma, there was associated 
chronic cholecystitis in 46.5%, acute chole- 
cystitis in 1.1% and empyema in 5.8%, 
acute perforation in 3.6%, and subacute per- 
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foration in 1.1%. The gallbladder contained 
only mucus (hydrops) in 11.6%. The 
histological type was adenocarcinoma in all 
but four cases. The four exceptions were 
scirrhous carcinoma; epidermoid carcinoma, 
2 cases, and pleomorphic-cell sarcoma, 1 
case. 

Of 71 autopsies in cases of choledocho- 
lithiasis with jaundice, the biliary pathology 
consisted of calculi in the gallbladder in 
81.7%. In 73.2% the calculus was found 
in the supra-ampullary portion of the com- 
mon duct, and in 29.6%, in the ampullary 
portion of the common duct. The hepatic- 
duct calculus was seen in 8.4%, and the 
cystic-duct calculus, in 1.4%. Chronic 
cholecystitis was present in 70.5% of the 
gallbladders of this category; empyema of 
the gallbladder, in 8.4%, and pericholecystic 
abscess, in 3.9%. A cholecystoenteric fistula 
was seen in 2.8%. A common-duct calculus 
was considered to be the cause of death in 
5.2% of the 71 autopsies. 

Of the 75 autopsied cases of choledocholith- 
iasis without jaundice, calculi were present 
within the gallbladder in 78.6%. They were 
present in the supra-ampullary portion of 
the common duct in 70.6%, in the ampullary 
portion in 20.0%, in the hepatic duct in 
4%, and in the cystic duct in 5.2%. Chronic 
cholecystitis was seen in 52% of the gall- 
bladders of this category; empyema of the 
gallbladder, in 3.9%, and a cholecystoenteric 
fistula, in 1.8%. There is only one fatality 
in this category, and it was in the case of 
cholecystoenteric fistula complicating choled- 
ocholithiasis. 


Hepatic Pathology 


The most frequent hepatic lesion seen in 
1,874 instances of gallstone disease was 
passive congestion of the liver; it ran as 
high as 37.4% of the cases of chronic 
cholecystitis and cholelithiasis. The second 
most frequent lesion was parenchymatous 
degeneration; it, too, has no specific in- 
terpretation. 

The next lesion, in the order of fre- 
quency, was a fatty liver, which occurred 
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TasLe 7.—Correlation of Hepatic Pathology and Gallstone Disease 


A, M. A. ARCHIVES OF SURGERY 


Carcinoma 


Acute of Biliary Choledocho- Choledocho- 
Cholecystitis Cholecystitis Tract & lithiasis lithiasis 
Cholecysto- & Chole- & Chole- Cholelith- Gallstone With Without 
Associated Pathology lithiasis, % lithiasis, % lithiasis, % iasis, % Ileus, % Jaundice, % Jaundice, % 


Chronic passive congestion 31.0 


Parenchymatous degeneration 18.7 
Fatty liver 15.4 17.5 
Fatal 03 
Portal cirrhosis 3.2 54 
Fatal 16 3.4 
Acute hepatitis 0.9 2.2 
Fatal 0.1 0.5 
Toxic hepatitis 2.2 1.5 
Fatal 0.2 0.5 
Biliary cirrhosis 1.3 2.1 
Fatal 0.3 0.2 
Abscess liver 11 08 
Fatal 0.3 
Primary carcinoma 1.1 0.6 
Fatal 03 03 
Metastatic carcinoma 0.3 4.2 
Tuberculosis of liver 18 1.2 
Benign tumors 13 1.2 
Hepar lobatum 03 0.5 
Cholangitis 0.15 0.5 
Fatal 0.1 
Cholangiolitis 0.30 01 
Fatal 
Subdiaphrag matic abscess 0.4 03 
Fatal 


21.6 44 28.8 12.6 25.3 
25.4 44 174 11.2 21.2 
3.6 3.3 13.0 4.2 10.6 
14 13 
14 
18 11 43 5.6 2.6 
14 13 
18 14 
12.7 29.0 17.4 29.6 5.2 
11.2 13 
14.5 2.2 17.4 15.5 5.2 
54 5.6 13 
54.6 4.2 2.6 
18 43 
1. 
14 14 
14.5 
9.1 
18 
3.6 11 43 4.2 4.0 
14 


in 15.4% of cases of “silent” gallstones and 
in 17.5% of the cases of cholecystitis com- 
plicating gallstones. In other complications 
of biliary calculi, its incidence ran sig- 
nificantly less. The incidence of portal cir- 
rhosis was highest in chronic cholecystitis 
(5.4%) and the condition was fatal in a 
fairly large number of these cases. Portal 
cirrhosis occurred in 3.2% of cases of 
“silent” gallstones and was fatal in half of 
these. There were a few examples of cir- 
rhosis with common-duct stones. 

Analysis of the remainder of the data in 
Table 7 indicates remarkable similarity in 
the incidence of hepatic pathology between 
the categories of so-called “silent” gallstones 
and chronic cholecystitis complicating gall- 
stones. The incidence of acute hepatitis 
increased with the severity of the biliary com- 
plication, as did the incidence o1 biliary 
cirrhosis, of liver abscess, and of sub- 
diaphragmatic abscess. There was a surpris- 
ing incidence of primary carcinoma of the 
liver in cases of “silent” gallstones (1.1%) 
and in cases of cholelithiasis with chronic 
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cholecystitis (0.6% ). This possibly is to be 
correlated with a relatively high incidence 
of portal cirrhosis in these two categories. 

In acute cholecystitis the most outstand- 
ing complication of the liver was “biliary” 
cirrhosis (12.7%), liver abscess (14.5%), 
cholangitis (14.5%), cholangiolitis (9.1%), 
and subdiaphragmatic abscess (3.6%). 

Carcinoma of the biliary tract revealed 
“biliary” cirrhosis (29.0%) as the most 
frequent hepatic lesion next to metastatic 
involvement of the liver (54.6%). 

In gallstone ileus, biliary cirrhosis and 
liver abscess each presented a 17.4% oc- 
currence rate. 

In comparing choledocholithiasis with and 
without jaundice, the icteric cases showed 
a higher incidence of biliary cirrhosis 
(29.6% ), of toxic hepatitis (7.2%), of viral 
hepatitis (5.6%), and of liver abscess 
(15.5%). The nonjaundiced cases showed 
a lower incidence of these hepatic lesions, 
but considerably greater than when the 
calculus was confined to an uncomplicated 
gallbladder. 
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TABLE 8.—Correlation of Pancreatic Pathology and Gallstone Disease 


Cholecysto- 
lithiasis, % 


& Chole- 
Associated Pathology lithiasis, % 
Acute necrosis 2.8 
Fatal 0.3 
Chronic pancreatitis 0.15 
Fatal 
Pancreatic abscess 
Fatal 
Acute edema interstitial 
Lipomatosis 
Acute hemorrhagic 
Fatal 
Acute suppurative 
Fatal 
Atrophic pancreatitis 
Fatal 
Pancreatic cyst 
Pane. calculus 0.15 
Carcinoma pancreas 0.7 
Fatal 0.6 


Pancreatic Pathology 


In cases of cholecystolithiasis, 44 of 634 
autopsies (6.9%) revealed some involve- 


Acute 

Cholecystitis Cholecystitis Tract & 
& Chole- 

lithiasis, % 


Carcinoma 
of Biliary 


Choledocho- Choledoch 
lithiasis lithiasis 
With Without 


Jaundice, % Jaundice, % 


Cholelith- 
iasis, % 


Gallstone 
Tleus, % 


18 3.3 43 7.0 9.3 
3.9 

5.4 2.2 43 8.4 5.2 
4.2 13 

13 

13 

13 


necrosis was most frequent, followed by 
lipomatosis and carcinoma of the pancreas. 


In cholelithiasis with chronic cholecystitis, 


ment of the pancreas. 


Acute pancreatic 


a pancreatic complication occurred in 75 of 


TABLE 9.—Correlation of Gastrointestinal Pathology and Gallstone Disease 


Carcinoma 
of Biliary 
Tract & 
Cholelith- 
iasis, % 


Acute 
Cholecystitis Cholecystitis 
& Chole- & Chole- 
lithiasis, % lithiasis, % 


Choledocho- Choledocho- 
lithiasis lithiasis 
With Without 

Jaundice, % Jaundice, 


Cholecysto- 
lithiasis, % 


Gallstone 
Associated Pathology Tleus, % 
Achalasia-esophagus 3.3 43 
Ca oropharynx 
Fatal 
Ca esophagus 
Fatal 
Gastritis 
Gastric ulcer 
Fatal 
Ca stomach 
Fatal 
Polyps, stomaeh 
Duodenal ulcer 
Fatal 
Acute peritonitis 
Fatal 
Small bowel tumors 
Fatal 
Bowel obstruction 
Fatal 
Acute appendicitis 
Fatal 
Diverticulosis 
Fatal 
Colon, polyps 
Ca colon & rectum 
Fatal 
Colitis 
Fatal 
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930 autopsied cases, or 8.0%. Again, acute 
pancreatic necrosis was the most frequent 
single lesion. In 13 of these 75 there was 
an adenocarcinoma of the pancreas. 

There were 7 instances of pancreatic 
pathology in 55 cases of acute cholecystitis, 
and these were most frequently chronic 
pancreatitis. 

There were 11 instances of involvement of 
the pancreas in 86 necropsies of carcinoma 
of the biliary tract, the cases being equally 
divided among the various pancreatic entities 
listed in Table 8. 

There were 4 cases of pancreatic compli- 
cations in 23 cases of gallstone ileus. 

The incidence of pancreatic complications 
in 146 cases of choledocholithiasis ran 
21.8%. When icterus was present, it ran 
23.9%: when there was no icterus, it 
ran 20.0%. The various forms of acute 
pancreatitis represented the most frequent 
lesion. 


Gastrointestinal Pathology 


The most frequent lesion of the gastro- 
intestinal tract associated with gallstones 
proved to be diverticulosis, the incidence 
ranging from 4.3%, for cases of gallstone 
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ileus, to 12.7%, for cases of carcinoma of 
the biliary tract (Table 9). Peptic ulcer 
was seen in 7% of cases of cholecystolithi- 
asis, and it was seen in 7.1% of cases of 
cholelithiasis with chronic cholecystitis. 
Gastric ulcer exceeded duodenal ulcer by 
only a small margin. Carcinomas of the 
gastrointestinal tract appeared to be present 
in a larger incidence (8.2%) than the usual 
autopsy percentage of 4.8%. The incidence 
of carcinoma of the colon was only slightly 
more than the incidence of carcinoma of the 
stomach. In addition, an equally high in- 
cidence of polyps of the colon and other 
neoplastic lesions of the gastrointestinal tract 
was seen (6.3%). Achalasia of the esophagus 
ran an inordinately high incidence. 


Pulmonary Pathology 


Of all the pulmonary lesions listed in 
Table 10, bronchopneumonia exceeded all 
other pulmonary complications in every 
category (33.3% to 47.8%). It exceeded 
our autopsy incidence of patients past 60, 
which was 24.39%. It was not the major 
cause of death in most instances. Pulmonary 
congestion (17.4% to 26.7%), pulmonary 
edema (8.7% to 25.4%), and hydrothorax 


Tas_e 10.—Correlation of Pulmonary Pathology with Gallstone Disease 


Cholecystitis Cholecystitis of Biliary 


Cholecysto- Cholecysto- Cholecysto- 
lithiasis, % 


Associated Pathology lithiasis, % lithiasis, % 

Bronchopneumonia 
Fatal 

Lobar pneumonia 
Fatal 

Pulmonary tbe. 
Fatal 

Atelectasis 
Fatal 

Pulm. infarct 
Fatal 

Pulm. abscess 
Fatal 

Pulm. fibrosis 

n 


h 


36.1 
11.5 
3.2 
18 
14.0 
2.9 
12.7 
0.2 
58 
2.2 
17 
10 
4.7 
18 
20.4 
04 
18.1 
16.8 
10.8 
5.1 
19.3 


genic carci (all fatal) 
Pulm. congestion 
Fatal 
Pulm. edema 
Hydrothorax 
Bronchitis (non-fatal) 
Bronchiectasis 
Senile emphysema 
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Acute Carcinoma 
Choledocho- 
lithiasis lithiasis 
With Without 


Jaundice, % Jaundice, % 


Choledocho- 
Tract & 
Cholelith- 
iasis, % 


Gallstone 
lleus, % 


37.2 
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TaBLeE 11—Correlation of Cardiovascular Pathology and Gallstone Disease 


Cholecystitis Cholecystitis of Biliary 
& 


Cholecysto- Cholecysto- 
Associated Pathology lithiasis, % lithiasis, % 
Coronary sclerosis & occlusion 
Fatal 
Hypertensive heart disease 
Fatal 
Valvular heart disease 
Fatal 
Syphilitic heart disease 
Fatal 
Myocarditis (nonfatal) 
Brown atrophy 
Atherosclerosis of aorta 
Fatal 
Thrombophlebitis 
Fatty myocardium 
R. vent hypertrophy 
Pericarditis 
Fatal 
Peripheral vascular disease 
Fatal 
Splenic infarct 


(18% to 17.3%) occurred next in fre- 
quency, and are to be compared with the 
incidence of cardiovascular lesions in Ta- 
ble 11. The incidence of atelectasis was 
much the same in all categories (9.1% to 
13.0%), as was the incidence of other 
pulmonary lesions listed in Table 10. There 
appeared to be no close correlation of the 
precise pulmonary complication with any 
particular lesion of the biliary tract; but 
the more serious the biliary lesion, the less 
frequent the pulmonary one. 


Cardiovascular Pathology 


The most frequent cardiovascular lesion 
seen in the categories of cholelithiasis alone 
and cholelithiasis with chronic cholecystitis 
was hypertensive heart disease, and/or 
coronary sclerosis (34.8% to 42.6%). A 
high fatality rate associated with either of 
these lesions was also noted. The incidence 
was very similar in choledocholithiasis; in 
the jaundiced patients the incidences of 
these two cardiopathies ran 32.4% and 
33.8%; in those jaundiced, 44.0% and 
48.0%. With the possible exception of car- 
cinoma of the biliary tract, the remaining 
categories were not very far behind. The 
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lithiasis, % 


Acute Carcinoma 
Choledocho- Choledocho- 
lithiasis lithiasis 
With Without 


Jaundice, % Jaundice, % 


«& Tract & 
Chole- Cholecysto- 


lithiasis, % 


Gallstone 
Tleus, % 

29.1 21.4 
38.2 16.5 
12.6 11.5 


54 
18 


third lesion in incidence was myocarditis, 
and atherosclerosis was fourth. The re- 
maining lesions are listed in Table 11. 


Genitourinary Pathology 


The most frequent urinary lesion found 
was nephrosclerosis (Table 12). It was 
rather high in all categories, occurring in 
49.8% of the cases of chronic cholecystitis 
and cholelithiasis and in 39.0% of cases 
of “silent” gallstones. The majority were of 
benign nephrosclerosis. Benign prostatic 
hypertrophy was next in order of frequency 
and was fairly well distributed among the 
major categories; this was followed closely 
by pyelonephritis. The genitourinary sys- 
tem was not the cause of death in any of 
the cases of cholecystitis, carcinoma of the 
gallbladder, gallstone Hleus, or common-duct 
stones with jaundice. The low association of 
renal stone and gallbladder stones is to be 
noted, as well as the low incidence of pelvic 
inflammatory disease and gallstones. 

The incidences of fibromyomata uteri were 
10% and 9.5%, respectively, of the cases of 
cholecystolithiasis alone and with chronic 
cholecystitis. 
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TaBLe 12.—Correlation of Genitourinary Pathology and Gallstone Disease 


& 
Cholecysto- 
lithiasis, % 


Associated Pathology lithiasis, % 


Nephrosclerosis 49.8 
Fatal 16 
Pyelonepbritis 12.4 
Fatal 1.6 
Chronic passive congestion kidney 124 
Renal infarct i 13 
Hydronephrosis 7.6 
Kidney abscess J 0.9 
Fatal 0.1 
Glomerulonephritis 18 
Fatal 0.6 
Carcinoma kidney 1.5 
Fatal 1.2 
Cystitis 11.6 
Fatal 0.2 
Nephrolithiasis d 1.2 
Prostatic hypertrophy 14.5 
Prostatic carcinoma a 1.5 
Fatal 1.5 
Bladder carcinoma J 0.6 
0.5 

Uterine fibroids d 9.5 
Uterine carcinoma i 0.9 
Fatal 0.7 
Cervix carcinoma 0.9 
Fatal . 0.9 
Ovary — carcinoma 0.9 
0.9 


Miscellaneous Pathology 


The most significant lesion noted here was 
that of goiter, which appears to be present 
more frequently as the severity of the com- 
plication of the biliary tract increases (6.3% 
in “silent” gallstones vs. 23.9% in choledocho- 
lithiasis). The majority of these thyroid cases 
were of nontoxic adenomatous enlargements, 
but there were some instances of diffuse 
toxic hyperplasia of chronic thyroiditis and 
of carcinoma of the thyroid. The incidence 
of diabetes here was 3.9% to 6.1%—con- 
siderably less than on clinical correlation. 
The high incidence of adrenal adenomata 
(28% to 3.6%) in two of the largest 
categories was also noted. The incidence 
of cerebral vascular accidents (20.8% and 
21.9% of the two major categories) was 
probably not out of proportion to the autopsy 
generation with which we were confronted 
here. A large variety of more than oc- 
casional lesions are listed in Table 13 for 
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Acute 
Cholecystitis Cholecystitis of Biliary 


Cholecysto- Cholecysto- Cholecysto- Gallstone 
lithiasis, % 


Carcinoma 
Choledocho- Choledocho- 
lithiasis lithiasis 
With Without 
Jaundice, % Jaundice, % 


& Tract & 


lithiasis, % Ileus, % 


27.2 26.7 39.0 38.0 


18 44 11.2 


144 6.9 9.8 
2.8 

18 44 
18 4.2 


3.6 


future reference rather than present in- 
terpretation. 


Comment 


Autopsy Incidence—The occurrence of 
1,874 cases of cholelithiasis in an autopsy 
population of 29,618, or 6.3%, is the lowest 
figure in any of the references included in 
Table 14. The highest incidences were 
those reported from the European continent; 
the reports from Germany,® Norway,’ and 
Sweden ** were 32.6%, 25.2%, and 19.6%, 
respectively. The highest figure for the 
United States was 22%, and this was re- 
ported by Robertson from the Mayo Clinic. 
The values closest to those we reported came 
from Cleveland,*! 6.9%; Baltimore," 6.9%; 
San Francisco,3* 7.1%; Australia,’ 8.0%; 
Great Britain,!* 8.4%, and South A frica,®° 
8.4%. 

It was felt that possibly the autopsy 
incidence of cholelithiasis would be in- 
fluenced by the age of the autopsy popula- 
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TABLE 13.—Correlation of Miscellaneous Pathology and Gallstone Disease 


Cholecystitis Cholecystitis 


Cholecysto- 
Associated Pathology lithiasis, % lithiasis, % 
Goiter 
Fatal 
Diabetes 
Fatal 
Adrenal adenoma 
Fatal 
Carcinoma breast 
Fatal 
Sarcoma 
Fatal 
Hodgkin's disease 
Fatal 
Leukemia 
Fatal 
Carcinoma skin 
Fatal 
Infectious diseases 
Fatal 
Myeloma 
Fatal 
Trauma 
Fatal 
Cerebral arteriosclerosis 
Fatal 
Cerebral hemorrhage 
Fatal 
Cerebral thrombosis 
Fatal 
Pernicious anemia 
Fatal 
Other anemias 


6.3 
0.3 
4.2 
2.3 
3.6 


18 
15 


tion, for which reason the data in Table 1 
were collected. The percentage of autopsies 
performed at the Cook County Hospital on 


Taste 14.—World-Wide Autopsy Incidence 


Cholelithiasis 


of 


Per Cent 
with 
Choleli- 
thiasis 


No. of 
Autop- 
sies 


Country 
Author or City Year 
Cleland * 
Crump * 
Dessau 
Gross 
Hamilton '* 
Hansen '!* 
Lieber ** 
Lopis 
Ludlow 
Martensson *? 
Mentzer ** 
Mosher *? 
Ophuls** 
Robertson 
Kozoll et al. 


Australia 
Germany 
Boston 

Great Britain 
Australia 
Norway 
Philadelphia 
South Africa 
Cleveland 
Sweden 
United States 
Baltimore 
San Francisco 
Rochester, Minn. 
Chicago 


7,000 
1,000 
2,791 
9,531 
1,000 
1,191 
34,666 
3,543 
4,800 
3,351 
667 
1,655 
3,000 
4,761 


1929-1952 29,618 


Kozoll et al. 


Cholecysto- Cholecysto- 
lithiasis, % 


Acute Carcinoma 

of Biliary 

& Tract & 

Cholecysto- Gallstone 


lithiasis, % Tleus, % 


Choledocho- 
lithiasis lithiasis 
With Without 

Jaundice, % Jaundice, % 


Choledocho- 


12.7 23.2 174 18.6 29.3 


43 4.2 3.9 


8.7 


patients nine years of age and under was 
28.2%, and that for the ages of 10-19 years 
was 2.9%; although these two decades ac- 
counted for 31.1% of our necropsies, it ac- 
counted for only 9 (0.48%) of our 1,874 
cases of cholelithiasis. If we follow the 
suggestion of Lieber,*® therefore, and cor- 
rect our figures to include only autopsies 
and cases of cholelithiasis beyond 20 years 
of age, our figure for the autopsy series is 
revised from 6.3% to 9.1%. Lieber similarly 
corrected his values from 9.94% to 11.6%. 

Age.—tThe first concept that we should 
like to challenge is that the incidence of 
gallstones in persons under the age of 20 
years is negligible and should be eliminated 
from consideration. Although we would ac- 
cept a corrected rate of incidence where the 
pediatric autopsy age was out of proportion, 
as ours, we would not consider the com- 
plete dismissal of such cases warranted, on 
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several grounds. In our own autopsy series 
we have found nine cases of gallstones 
under the age of 20 years; although these 
account for less than 0.5% of the total 
incidence, there is really no reason to ignore 
these cases. Ludlow *! found an incidence 
of 0.91% of his 4,800 autopsy cases between 
the ages of 11 and 20. Furthermore, Pot- 
ter * collected 434 clinical cases in the 
literature of gallbladder disease in infants 
and children, the majority being under one 
year of age. Seidler and Brakely *® found 
in the literature nearly 450 cases of gall- 
bladder disease under the age of 15 years. 
Glenn and Hill ® have recently emphasized 
its clinical occurrence in this group. It is 
quite possible that in future years this oc- 
currence in the pediatric age group may 
become more significant, and we should not 
care for these cases to be deleted from 
statistical consideration. It may sound like 
heresy, but we are further obligated to 
negate the idea that cholelithiasis is a disease 
of the female who is “forty, fair, fat, 
flatulent, and fertile.” In both our female 
and our male populations we found that the 
maximal concentration of cases of cholelithi- 
asis actually was between the ages of 50 
and 79; this age group accounted for the 
more than 70% of all autopsied cases of 
cholelithiasis but only 38% of all autopsies. 

Table 15 was prepared to show the rela- 
tionship of age to cholelithiasis in three 


different autopsy series, representing a total 


Taste 15.—Collected Data Comparing Autopsy 
Incidence of Gallstones According 
to Age Decade 


Lieber ** 
Philadelphia 
34,466 
Autopsies, % 


Ludlow 
Cleveland 
4,800 
Autopsies, % 


Kozoll 
Chicago 
29,618 
Age Decade Autopsies, % 

0.22 

0.91 0.26 
2.75 1.6 
5.1 
13.7 
22.0 
27.9 
21.4 
6.8 

0.69 
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of 68,884 autopsies. All three series agree 
in that there is a concentration of cases past 
the age of 50. In our own series we were 
able to ascertain that the incidence of 
cholelithiasis in patients past the age of 
50 exceeded the general autopsy incidence 
for that age. 

It is significant that below the age of 20 
gallstone disease was uncomplicated and 
limited to the gallbladder; however, it does 
not eliminate the possibility of its occuring 
clinically, for we have seen an instance of 
gangrenous cholecystitis in a 17-year-old 
white youth and hepatic-duct calculi in an 
18-year-old Mexican girl. Although we had 
no autopsy cases of common-duct calculi 
under 30 years of age, we have seen this 
condition too frequently clinically to allow 
it to influence our indications for choled- 
ochotomy. It has been our experience that 
the vast majority of cases of cholelithiasis 
under the age of 30 occur in parous women 
and follow close after the pregnancy. The 
fact that cholelithiasis occurred as often in 
all decades without chronic cholecystitis as 
with it supports the concept that stones can 
exist for many years without infection. 

With reference to the complications of 
cholelithiasis, the study of the age incidence 
of autopsied cases of cholelithiasis can be 
said to have emphasized the following: 
Complications of gallstone disease multiply 
with age, most striking of these being com- 
mon-duct stones; after the age of 70, in 
fact, the incidence of choledocholithiasis ap- 
proximated one-fourth that of cholelithiasis 
alone. This should possibly emphasize to the 
operating surgeon the greater need for com- 
mon-duct exploration with advancing years. 
Age made little difference with respect to 
the likelihood of a common-duct stone pro- 
ducing jaundice. 

Race and Sex.—In this series of cases of 
gallstones we found 674 (35.8%) of our 
cases of cholelithiasis to occur in the white 
male, whereas 809 (43.2%.) occurred in the 
white female. Although our autopsy inci- 
dence for white males was 36.6% and that 
for white females 21.1%, correction for this 
population difference still would not yield 
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as female-to-male indices the 2:1 to 5:1 
quoted in the literature.* Lieber *® found 
1,682 white females (48.7%) and 1,200 
white males (34.7%) with cholelithiasis; 
this incidence compares well with our data. 

Table 16 was prepared to compare our 
autopsy incidence of cholelithiasis (number 
of cases of cholelithiasis compared with 
number of autopsies of that sex and race) 
with those reported by Lieber,?® excluding 
cases below 20 years of age, as proposed by 
him. This is necessary for comparative pur- 
poses, because his incidence of autopsies 
under 20 years of age, as calculated by us, 
was 16.7%, whereas ours was 31.1%. Using 
such criteria, it can be seen that our in- 
cidence for each sex and race compares 
reasonably well with his and others included 
in Table 16. By using these corrected 
figures, we find that we, too, have a 2:1 
ratio of white females to white males, as did 
Lieber,?® Gross,!7 Ludlow,*! and Lopis.*® 

With reference to the complications of 
cholelithiasis, we found that the males 
actually exceeded the females in the category 
of acute cholecystitis complicating choleli- 
thiasis; in all other categories females ex- 
ceeded males by some degree. 

The preponderance of females over males 
also occurred in the Negro race, whether it 
was simply a case of cholelithiasis or chole- 
lithiasis complicated by another diagnostic 
category. In our series there were 102 


~ * References 5, 12, 17, 18, 20, 21, 31, 34, 48. 


TaBLE 16.—Collected Data Comparing Autopsy 
Incidence of Gallstones According to 
Race and Sex 


Per Cent Per Cent Per Cent Per Cent 
White White Negro Negro 
Females Males Females Males 


Country 

Author or City 
Hansen'* Norway 
Gross'’? Great Britain 
Crump* Germany 
Ludlow Cleveland 
Lopis** South Africa 
Lieber *** Philadelphia 
Kozoll 

et al.* 


31.2 
12.4 
37.8 
10.4 
19.7 
21.7 


Chicago 18.6 


* As corrected for patients over 20 years of age because o 1 
disproportionately high autopsy incidence under this age. 


Kozoll et al. 


Negro males and 250 Negro females, 14 
Oriental males and 8 Oriental females, 
1 Indian male (red), 1 Pacific male, and 
1 Pacific female. These sex differences in 
the Negro race (Table 16) are more striking 
than in the white race, the incidence being 
three times as great in the Negro female 
as in the Negro male (6.6% vs. 2.3%). 
This is in contrast to a 1936 report from our 
hospital by Jaffe,*! who reported a 10.23% 
incidence for the colored female and a 
1.04% incidence for the colored male. 
Curb,” from the John Sealy Hospital, Gal- 
veston, Texas, found only 22 of 306 clinical 
cases of gallbladder disease in Negroes. 
Block and Miller? found 6.3% of their 
clinical cases of gallstones at the Charity 
Hospital in New Orleans to be Negro males. 
The incidence of common-duct stones in 
the Negro was one-fifth that in the white 
man when jaundice was absent and one-tenth 
when jaundice was present. The sex dif- 
ference in incidence of common-duct stones 
in the Negro race was even greater when 
patients were not jaundiced. This is out of 
all proportion to the incidence of Negroes 
in our autopsy population (Table 4). The 
incidence of cholelithiasis in Egypt was re- 
ported as “low” by Rolleston and McNee.** 
In Japan the incidence is given as 3%, and 
in Germany as 7%, of all autopsy cases. 
Blumberg and Zisserman*? found that the 
incidence among Jews was 12.1%, as com- 
pared with 11.8% for non-Jews. 
Although such data were not available to 
us, there is in the literature considerable 
information as to the role of obesity in the 
incidence of gallstones. Robertson,** in 
1943, found that in 1,032 autopsies showing 
gallstones, 56% of the patients were of 
normal weight. Of these, 58% were male 
and 42% female. Of the 44% who were 
overweight, 37% were male and 63% were 
female. Gross,!7 in 1929, reported that in 
143 autopsies on males with stones the 
average weight was 131.6 lb. In 174 au- 
topsies on female patients with stones the 
average weight was 126 Ib. Of the 500 
autopsied males without stones the average 
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weight was 119.2 Ib. and of 500 autopsied 
females without stones the average weight 
was 103.3 Ib. The inference of the added 
weight, particularly in the female, is ap- 
parent. 


Biliary Pathology 


Approximately one-third (34.7%) of the 
autopsy cases of cholelithiasis were of the 
so-called “silent” variety. This presumably 
is the type of stone that is found inciden- 
tally in a survey including a Graham-Cole 
test, and in patients in whom no symptoms 
can be identified as associated with the gall- 
stones. In our system of classification, if 
there is any associated disease of the gall- 
bladder, cases of this type were put into 
another category. In 98% of these cases 
the gallbladder calculus was formed; in 2% 
it was present in a pigmentary state of 
deposition or as cholesterol. In 6 of the 
634 cases the stone was able to obstruct 
the cystic duct, presenting asymptomatic 
hydrops of the gallbladder. However, the 
gallbladder itself appeared to be remarkably 
uninvolved. From a consideration of epi- 
demiological data, one can be reasonably 
certain that gallstones in patients under 20 
are unassociated with biliary complications; 
beyond this age anything may happen. 

The next category of cholecystolithiasis 
associated with chronic cholecystitis showed 
a relative incidence which is remarkably 
similar to the preceding one of “silent” gall- 
stones in patients past the age of 20. Chole- 
cystitis complicating cholelithiasis was 
apparently the cause of death in no more 
than 4 of 930 cases. A preformed calculus 
was seen in 98.1% of these cases; choles- 
terol pigment represented the calculus dis- 
ease in 1.9%. In 3.3% of these cases 
hydrops of the gallbladder was present. 


Acute cholecystitis occurring without an- 
tecedent chronic cholecystitis was identified 
in 3.6% of this series. In 23.6% of cases 
of acute cholecystitis some evidences of 
chronic cholecystitis was noted. The compli- 
cations of the cholecystitis here were many 
and were frequently considered as a cause 
of fatalities. Acute cholecystitis without 
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gangrene was identified in 83.6% and ac- 
counted for 58.1% of the deaths in this 
group. Empyema of the gallbladder was 
seen in 12.7% of this category and accounted 
for 3.6% of the fatalities. Subacute perfora- 
tion of the gallbladder with pericholecystic 
abscess was seen in 39% of this series and 
accounted for 21.8% of fatalities. Gan- 
grenous cholecystitis was present in only 
5.4% and was fatal in 1.8%. By contrast, 
acute free perforations were present in 
12.7% and were fatal in 10.8%. From this 
it is apparent how much more fatal a disease 
acute cholecystitis is than chronic chole- 
cystitis, and that acutely inflamed gallblad- 
ders perforated more frequently without 
gangrene than with it. The high incidence 
of associated choledocholithiasis can mean 
only one thing—that cholelithiasis preceded 
the acute inflammatory process by a long 
period, for the cystic-duct obstruction, which 
is sine qua non for acute cholecystitis, did 
not permit passage of a stone at the time 
of acute involvement. 

- By necessity, the cases of carcinoma of the 
gallbladder and bile ducts without stones 
have been excluded from this series. In a 
previous report from this laboratory ( Kirsh- 
baum and Kozoll *°), the incidence of chole- 
lithiasis in primary carcinoma of the 
gallbladder was found to be 83%; in this 
series it is 100% by the methods of selec- 
tion. Mohardt collected 24 cases, in which 
the incidence of cholelithiasis in carcinoma 
of the gallbladder ran from 64.6% to 100%. 
Specifically, 58 of the 86 carcinomas herein 
reported were of the gallbladder, 6 each of 
the hepatic and cystic ducts, 15 of the com- 
mon bile duct, and 1 of the ampullary por- 
tion. In the paper referred to above, the 
incidence of cholelithiasis in carcinoma of 
the extrahepatic bile duct ran 15%. Of 
particular clinical interest was a 46.5% in- 
cidence of chronic cholecystitis in patients 
with this carcinoma; further, virtually all 
the complications befalling cases of acute 
cholecystitis occurred with carcinoma of this 
organ. In our data, carcinoma of the gall- 
bladder occurred twice as often in the female 
as in the male, and five times as often in the 
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white race as in the Negro race. Lieber’s 
series of cases*® did not show this sex 
predisposition for carcinoma of the gall- 
bladder or quite as marked a racial partial- 
ity. 

Gallstone ileus occurred in 23 cases, or 
1.2%, of all the autopsy material showing 
gallstones. In all instances of gallstone 
ileus a cholecystoenteric fistula was identi- 
fied; in 91.3% it was thought to be the cause 
of death in this group of cases. In 74% 
of the category there was associated evi- 
dence of chronic cholecystitis. In 91.2% 
a gallstone could be identified; in 4.3%, a 
hepatic-duct calculus; in 17.4%, a common- 
duct calculus, and in 8.6% an ampullary 
calculus. The presence of stones within the 
extrahepatic ducts in gallstone ileus is im- 
portant clinical evidence. The surgeon should 
be unwilling to take down the cholecystoen- 
teric fistula until he has demonstrated ab- 
sence of stones within the common duct lest 
he remove nature’s method of diverting the 
bile flow. In other words, before the fistula 
is taken down, there should be specific evi- 
dence of common-duct patency. The per- 
sistence of gallbladder inflammation implies 
that drainage by fistulization does not com- 
pletely put out the fire in the gallbladder. 

The presence of an almost identical num- 
ber of cases of common-duct stones without 
jaundice as with jaundice is somewhat il- 
luminating. Heretofore, the usual figure 
quoted for the incidence of jaundice with 
common-duct stones was in the neighborhood 
of 65%. Here, the incidence of choledocho- 
lithiasis without jaundice is better than 50%. 
This is entirely understandable in that the 
patient who is jaundiced would naturally 
come to therapy much sooner than a patient 
without. The common-duct stones commence 
as early as the age of 30 years, with a 
noticeable increase in incidence as the dec- 
ades progress, so that at the age of 70 to 79 
the incidence of common-duct — stones 
approached one out of every four cases 
of gallbladder stones. It is important 
to note that there was no _ difference 
between the sexes in the incidence of com- 
mon-duct stones, a finding which differs 
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from the incidence of the sexes for gall- 
bladder stones. In the Negro race there 
was more difference in the incidence of 
common-duct stones between the sexes, for 
the incidence of common-duct stone in the 
Negro female was three times that of the 
Negro male. However, the numbers of 
cases in the Negro female and Negro male 
groups are probably too few to be statis- 
tically significant. 

In better than two-thirds of cases of 
common-duct stone, there was an associated 
chronic cholecystitis. There, such acute 
complications of the gallbladder as empyema, 
subacute perforation, and cholecystoenteric 
fistula occurred, although the common-duct 
stone was considered to be the primary diag- 
nosis. In approximately 80% of both groups, 
a gallbladder calculus could be identified in 
addition to the common-duct calculus; the 
gallbladder stone was identified in 73.2% of 
cases with jaundice and in 70.6% of those 
without. An ampullary calculus was seen in 
29.6% of the cases of choledocholithiasis 
with jaundice and in 20% of those without 
jaundice. This emphasized to the surgeon 
the more frequent need for transduodenal 
exploration of the ampullary area. The pres- 
ence of hepatic-duct calculi in 8.4% of those 
cases with jaundice and in 4% of those 
without indicates the need for vigilance as 
far as exploration of the intrahepatic por- 
tions of the common duct is concerned. 


Hepatic Pathology 
It is generally recorded that gallstones 
occur with increased frequency in instances 
of portal cirrhosis. Our own data indicated 
an incidence of portal cirrhosis of 3.2% in 
cases of cholecystolithiasis alone, of 1.4% 


in our cases of choledocholithiasis with 
jaundice, and of 1.3% in cases of choled- 
ocholithiasis without jaundice. This is con- 
siderably less than the figures reported by 
others, which vary from 10% to 18%.776?8: 
20,42,46 Many of those showed a significantly 
increased incidence of this dual complication 
in the female as compared with the male.?*?9 
Martensson ** reported other stigmata of 
cirrhosis, such as an incidence of 6% of 
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cirrhosis with fibrosis of the testis and gall- 
stones and a 6% incidence of cirrhosis with 
benign prostatic hypertrophy and gallstones. 
Ophuls ** considered the general autopsy 
incidence of cirrhosis and hepatitis to be 
5.5%; although there was a frequent men- 
tion in the above references of portal cir- 
rhosis, no mention is made of such hepatic 
lesions as fatty liver, which by many is 
considered a stage in the development of 
portal (Laennec’s) cirrhosis. This omission 
could easily explain the disparity in our 
figures, for if the incidences of fatty liver 
of 15.4% and 17.5%, respectively, in 
our first two categories of gallstones were 
added to our indices for portal cirrhosis, 
they would equal or exceed the incidence 
generally reported. No cases of portal cir- 
rhosis were seen with acute cholecystitis, 
carcinoma of the biliary tract, or gallstone 
ileus. The low incidence of fatty liver in 
acute cholecystitis and carconima of the 
biliary tract parallels that we saw with portal 


cirrhosis. Other parenchymal lesions of 


significance included acute (viral) hepatitis 
and toxic hepatitis; these were frequently 
the cause of death. 


The term noted here as “biliary cirrhosis” 
is a vestige of the past and in all probability 
is synonymous with the modern term cho- 
lestasis; the abrupt increased incidence of 
cholestasis when acute cholecystitis, carci- 
noma, gallstone ileus, or choledocholithiasis 
with icterus was present is significant. When 
choledocholithiasis without icterus existed, 
cholestatic changes in the liver were much 
less frequent. Liver abscess, cholangitis, 
and cholangiolitis were frequent in acute 
cholecystitis; liver abscess alone where there 
was a fistula or a common-duct obstruction. 

Possibly the most important factor here 
lies in the observation that the likelihood 
of hepatic involvement was the same whether 
the calculus was in the “silent” phase or 
associated with cholecystitis. This could be 
a strong argument in favor of cholecystec- 
tomy for incidental gallstones. 
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Pancreatic Pathology 


The incidence of complication of the 
pancreas here is probably the largest thus 
far reported; it may represent an aware- 
ness on the part of this department of 
pathology not only for recognition of this 
lesion but for recognizing varying degrees 
and forms of pancreatic disease. For ex- 
ample, most references of literature speak 
simply of acute hemorrhagic pancreatitis 
or pancreatitis with or without fat necrosis. 
Accordingly, Molander and Bell ** found 158 
cases of acute hemorrhagic pancreatitis in 
41,333 necropsies and calculated that pan- 
creatitis occurred six times as often in pa- 
tients with gallstones as in patients without 
gallstones. Lieber *® found 105 cases of 
pancreatitis in a combined autopsy series 
of 34,666 cases, and in 43 of these there 
was associated cholelithiasis. As previously 
stated, the total incidence of pancreatic dis- 
ease with gallstones is 3.8% for cholecys- 
tolithiasis, 6.2% for chronic cholecystitis 
complicating cholecystolithiasis, 13.6% for 
acute cholecystitis, 11% for carcinoma of 
the gallbladder, 12.9% for gallstone ileus, 
19.8% for choledocholithiasis with jaundice, 
and 21.1% for choledocholithiasis without 
jaundice. Ophuls ** reported the general 
autopsy incidence to be 3.3% 

The most frequent lesion was acute 
necrosis of the pancreas, followed by chronic 
pancreatitis. The unanticipated incidence of 
pancreatic disease in our first category of 
“silent” gallstones and of acute cholecystitis 
is new. The higher incidence with involve- 
ment of bile ducts could have been antici- 
pated. The pathetic thing about allowing 
these fatal sequelae of biliary disease to 
occur is that this form of pancreatitis is the 
most amenable to surgical therapy. 


Our autopsy incidence of carcinoma of 
the head of the pancreas from previous 
material *° was 0.4%. The autopsy incidence 
of carcinoma of the pancreas in this report 
of 1,874 cases of gallstones ran 1.2%, or 
a threefold increase in incidence; the rela- 
tionship is obscure, but the intimation is 
foreboding. 
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Gastrointestinal Pathology 

The nation-wide autopsy incidence of 
peptic ulcer is conceded to be in the neigh- 
borhood of 3.5% '*; at the Cook County 
Hospital it has previously been reported as 
4.23%.** In this series of 1,874 autopsies 
the incidence of peptic ulcer and gallstones 
appears to be in the neighborhood of 7%. 
In 1938, in the autopsy material reported 
from this institution,®® the incidence of ulcer 
was 1.9% and that of gastric ulcer 2.4%. 
In the present series, the incidence of duo- 
denal ulcer is better than 3% in the majority 
of the categories, and the incidence of gastric 
ulcer is in the neighborhood of 4%. In 
refutation of any concept that bile depriva- 
tion is in some way responsible for this 
increase in incidence, it is to be noted in 
Table 10 that the incidence of peptic ulcer 
in choledocholithiasis with jaundice was even 
less than the figures just quoted. A theory 
that appears to be gaining foot is that the 
one disease predisposes to the other; i. e., 
the treatment of peptic ulcer here, which 
is probably more conservative and goes on 
for a longer period of time than the treat- 
ment of biliary disease, in some way pre- 
disposes to gallbladder disease. Certainly, 
the use of dairy products containing large 
quantities of fat would be a burden for a 
diseased gallbladder. In clinical surgical 
practice the need for cholecystectomy at the 
time of surgery for peptic ulcer is generally 
considered to be between 10% and 15% 
of the cases of the peptic ulcers operated 
upon. 

The most frequently quoted figure for 
the incidence of carcinoma of the gastro- 
intestinal tract in an autopsy population such 
as ours is said to be 4.8%. In the survey 
considered here, carcinoma of the gastro- 
intestinal tract was considered to be present 
in approximately 8.2%. The majority of 
these were carcinoma of the colon and rec- 
tum, followed by carcinoma of the stomach, 
carcinoma of the esophagus, and small 
bowel. The incidence of benign polyps of 
the stomach and colon was 6.3%. There 
are other examples of benign small-bowel 
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tumors as well. The incidence of diverticu- 
losis reported in this series probably ap- 
proaches that reported on barium enema. 
However, the incidence of diverticulitis was 
rather small. The incidence of lesions of the 
stomach and esophagus, such as achalasia 
of the esophagus, esophagitis, and gastritis, 
is of interest. Instances of cardiospasms 
following biliary surgery are generally 
known. The fact that this should occur in 
an autopsy population without symptomatic 
warning is of interest. Lieber reported 
11.5% incidence of peptic ulcer in his gall- 
stone population: The incidence of gastric 
ulcer and gallstones was 9.8%; for duodenal 
ulcer, 13.5%. His general autopsy incidence 
was 11.6%; this is considerably in excess 
of our own figures. Gross reported an 
autopsy incidence of gastric ulcer of 4.3% 
and of duodenal ulcer, 5.7%. His incidence 
of gastric ulcer and gallstones was 4.6%, 
and of duodenal ulcer and gallstones, 5.9%. 
He did not consider the association of 
peptic ulcer and stones as significant. Our 
data indicate a twofold increased probability 
of finding an associated peptic ulcer, carci- 
noma, or polyp in exploring a patient with 
cholelithiasis; our clinical experience sup- 
ports this. 


Pulmonary Pathology 


Bronchopneumonia was the most frequent 
pulmonary lesion seen and was encountered 
at a consistent rate in all categories. Al- 
though lobar pneumonia was not recorded 
one-tenth as often, it was more frequently 
considered the immediate cause of death. 
Martensson ** reported a 40% incidence of 
penumonia in necropsies of patients with 
gallstones. This exceeded our general au- 
topsy incidence of pneumonia, for in a 
survey of autopsied cases of gastrointestinal 
bleeding we found pneumonia in 26.8%. 
The stigmata of cardiac failure occurred 
with remarkable consistency in all cate- 
gories, viz., pulmonary congestion, edema, 
and hydrothorax. Our incidence of tubercu- 
losis in cases of gallstones exceeded that 
reported by Lieber *® by a significant degree. 
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He reported an over-all incidence of 4.4% 
association of the two diseases, whereas in 
our series the incidence ran over 139% in 
our two major categories; this may be due 
to the presence of a tuberculosis unit in our 
institution. Martensson found a 7% as- 
sociation of gallstones and tuberculosis, he 
further advanced an old belief that the “pa- 
tient had a better chance of calcifying his 
primary lesion if gallstones were present.” 
This idea is hardly tenable if one considers 
that less than 2% of gallstones are calcium- 
containing. 

The incidence of atelectasis, bronchitis, 
and bronchiectasis should be of interest to 
the patient in view of the frequency of post- 
operative pulmonary complications following 
biliary-tract operations. 


Cardiovascular Pathology 


In a previous report from this labora- 
tory,” the general autopsy incidence of 
coronary sclerosis was considered to be 
25%. The over-all incidence in gallstone 
cases was 38.4%, running as high as 42.6% 
in our group of 930 cases of gallstones with 
chronic cholecystitis and 48.0% of cases 
of choledocholithiasis without jaundice. 
This is slightly higher than an approximate 
35% incidence in bleeding peptic ulcers 
and considerably higher than that in other 
causes of massive gastrointestinal bleeding. 

The over-all incidence of hypertensive 
heart disease (cardiopathy) in this labora- 
tory was previously reported ® as 22.8%; 
in our gallstone population it ran 38.5% for 
all categories. In fatally bleeding duodenal 
ulcers, we previously reported the coincident 
occurrence of hypertensive cardiopathy to 
be 45.6% but in all other causes of gastro- 
intestinal bleeding it was slightly or con- 
siderably less. 

Our incidence of valvular heart disease 
in a gallstone population was significantly 
higher than anything we experienced before, 
and is in keeping with clinical experience. 
Others have pointed out the electrocardio- 
graphic changes produced both by gallblad- 
der disease and experimentally by distention 
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of the gallbladder and the common duct. 
They further emphasize the reversal of 
symptoms that occur with either relief of 
the disease or the experimental distention. 
In 1955, Ravdin ** et al. reported operating 
on 2,100 patients with gallstones and stated 
that 12.44% of these had some form of 
cardiac disease; moreover, improvement of 
cardiac decompensation has appeared. Feld- 
man and Feldman ™ reported no increased 
relationship of coronary disease in patients 
with cholesterosis of the gallbladder and 
coronary disease; they reported 165 cases 
of cholesterosis of the gallbladder in 1,319 
autopsies but said nothing of cholelithiasis. 
We found cholesterosis an infrequent lesion 
at autopsy. 


This correlation of cardiac disease with 
cholelithiasis does not apply to atheroscle- 
rosis. We found a much lower incidence of 
atherosclerosis than of coronary sclerosis; 
and if the over-all incidence of arteriolar 
nephrosclerosis is a fair criterion, it does not 
exceed the general incidence. A similar lack 
of correlation exists between gallstone dis- 
ease and such vascular complications as 
thrombophlebitis and peripheral vascular 
disease. 


Genitourinary Pathology 


Early interest in 
urinary pathology and gallstone disease lay 
in such ideas as that urinary calculi and 
gallbladder calculi were frequently found in 
the same patient. 


correlating genito- 


The incidence of nephrosclerosis of 31.6% 
of our patients would appear to be more 
than casual and is significantly higher than 
an average incidence of 24.9% ® previously 
reported, and was lower than that seen with 
massively bleeding gastric and duodenal 
ulcer. Other incidences of renal disease 
probably do not exceed the autopsy norm. 
The incidence of prostatic hypertrophy is 
probably not remarkable—in fact, less than 
that noted by us for peptic ulcer. The inci- 
dence of uterine fibroids is unquestionably 
larger than the population at large. In fact, 
one experienced surgeon has made the clin- 


Vol. 79, Sept., 1959 


: 
a 
ls 
x 
2 


PATHOLOGIC CORRELATION OF GALLSTONES 


ical comment that he has built his retirement 
fund on the gallbladders he has found at 
the time of performing hysterectomies, and 
vice versa. 

The benignancy of the lesions of the 
genitourinary system was indicated by the 
fact there is no cause of death on the part 
of the genitourinary system in any of the 
categories other than cholecystolithiasis 
and/or cholecystolithiasis and cholecystitis. 
The incidence of carcinoma here was léss 
frequent than in gastrointestinal carcinoma. 
Of further negative value is the low inci- 
dence of pelvic inflammatory disease as- 
sociated with gallstones, in contradistinction 
to the clinical teaching emphasizing peri- 
cholecystitis as a sequel of pelvic inflam- 
matory disease. 


Miscellaneous Pathology 


We find in this group several potentially 
significant lesions under this general head- 
ing. 

Possibly the most unanticipated of the 
group was the incidence of goiter in gall- 
stone disease, which rose from 6.3% for 
gallbladder stones to as high as 29.3% 
for common-duct stones without jaundice. 
Ophuls ** gave 1.1% as the usual autopsy 
incidence of goiter. The great majority of 
these were of the nontoxic nodular variety, 
but there were a few examples of hyper- 
thyroidism and carcinoma of the gallbladder 
not included in goiter. 

This is contrary to clinical experience, 
in which gallstones are more frequently seen 
associated with low basal metabolism rates 
and hypercholesteremia. Bockus et al.* found 
that metabolic rates under 15% were seen 
in 15.4% of 13 patients with cholesterol 
stones; they were seen in 11.1% of 45 
patients with mixed stones. Bockus * et al. 
cited Yeugenbourgh and Shalepakoff as find- 
ing that 27 of 280 patients with thyrotoxi- 
cosis had stones and that 85% of these 
patients had gallbladder symptoms. In 
their opinion the disturbance of cholesterol 
metabolism and the vegetative nervous sys- 
tem predispose to biliary dyskinesia and 
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would favor gallbladder disease. There is 
another possible explanation that, inasmuch 
as a goiter is now considered an example of 
stress phenomena, in a way the stress of 
biliary disease might predispose to goiter 
formation. 

Our incidence of association of diabetes 
and gallstones as given is considerably less 
than that reported in the literature at large. 
However, most of the cases cited in the 
literature are primarily from clinical re- 
views. In an autopsy series such as ours 
one has the handicap of not being able to 
verify or not being informed of the existence 
of diabetes at time of the autopsy. In the 
cases reported from the Mayo Clinic in 
1926 by Wilder,®* in 28% of 58 autopsies 
in diabetics, stones were thought to be 
present; in fact, Wilder thought that 
diabetes may have been caused by the 
gallstones. Dry and Tessmer,™ in 1941, 
reported 128 autopsies in diabetics and 
found the incidence of gallstones to be 27%. 
Robertson * found that his incidence from 
the Mayo Clinic was 37% of 205 autopsies 
on diabetics among 4,761 necropsies in 
persons past the age of 20 years, whereas 
the incidence was 21% in nondiabetics. He 
further went on to show that this incidence 
was greater in the female diabetics than in 
the male diabetics. Joslin,2* who for many 
years thought that gallbladder disease could 
in some way cause diabetes, being im- 
pressed with the association to that degree, 
finally retracted this implication in 1940. 
Tedstrom,®! in 1926, made the statement 
that 44% of 70 diabetics past the age of 70 
had nonvisualizing gallbladders. Lieber *® 
found that 32% of his diabetics had 
gallstones, the white male exceeding the 
white female. Rabinowitch,*! in 1924, felt 
that the incidence of the association of the 
two was nine times as great as could be 
expected, and that in diabetics the incidence 
of cholecystitis might be greater than that 
of cholelithiasis. It is clear, then, that every 
work-up on a diabetic patient should include 
cholecystography as part of his routine; and 
once any evidence of nonfunctioning gall- 
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bladder and/or stones is demonstrated, the 
indication for operation is clear. 

It has long been known that any 
hematological disorder which could produce 
hyperbilirubinemia would predispose to gall- 
bladder disease. Lieber *® has identified an 
incidence of pernicious anemia of 10.8% 
in patients with gallstones; Jones and 
Joyce,?? and Davidsohn and Gullard were 
impressed by this association. Brown ® 
reported a 15.9% incidence of gallstones in 
151 autopsies in cases of pernicious anemia; 
however, this consisted of both cholecystitis 
and cholelithiasis. Boyden and Layne? re- 
ported an incidence of cholecystitis of 
18.1% in 105 autopsies on patients with 
pernicious anemia. Martensson** gave a 
figure of 29% for the incidence of gall- 
stones and pernicious anemia and 20% for 
hemosiderosis and gallstones. Our autopsy 
data do not confirm this figure; however, 
on the basis of autopsy material alone, one 
would hardly be able to evaluate this cor- 
relation because of the few patients with 
pernicious anemia who came to autopsy 
during this period. However, in other 
hematological disorders, such as leukemia 
and sarcoma, a_ higher-than-anticipated 
incidence of cholelithiasis existed. The re- 
lation of carcinoma of the breast showed a 
rather unexpected incidence of association 
with cholelithiasis. The incidence of as- 
sociation of cholelithiasis with primarily 
bacterial infectious diseases was possibly 
greater than anticipated in view of the 
infrequency of infectious disease as a cause 
of death, leading to autopsy. The incidence 
of vascular accidents associated with gall- 
stones probably does not exceed the inci- 
dence of this complication in a primarily 
geriatric population. 


Summary 


The incidence of gallstones is increasing 
as our population is growing older and is 
involving a significant per cent of our 
population. No age group is completely 
free, gallstones having been reported in all 
decades of life; however, the longer the 
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patient lives with his gallstones, the more 
frequently is he likely to have a complication 
thereof and the severer that complication 
is likely to be. 

Although better than 80% of patients 
with gallstones went to their death without 
a serious or fatal complication of the gall- 
stone, for the 20% who did develop more 
serious complications of gallstones, the 
fatality rate was rather high, particularly 
for acute cholecystitis, for carcinoma of the 
gallbladder, and for gallstone ileus. 

As a patient approached the latter decades 
of life, the incidence of common-duct ex- 
ploration requirement increased, so that at 
the age of 70 the incidence of choledocho- 
lithiasis was one-fourth that of cholelithiasis 
alone. 

With reference to sex, the preponderance 
of cases do not occur in the female sex, as 
heretofore alleged. The concentration of 
cases does not begin at the 40th year, but, 
rather, at the 50th year and progresses on 
to the 80th year. Both these facts de- 


emphasize the role of pregnancy in chole- 


lithiasis. 

A marked disparity exists between the 
incidence of gallstones in the white and in 
the Negro race. The Negro female appears 
to have at least two and one-half times the 
incidence of gallstones as the negro male; 
this sex difference is not seen in the white 
race. 

Acute cholecystitis in the white male 
exceeded that in white female but in all other 
categories the white female had _pre- 
dominance in the incidence of complications. 

In approximately one-half of the patients, 
common-duct stones did not produce jaun- 
dice. 

A slightly increased incidence of portal 
cirrhosis is associated with this disease. 
Cholestasis and cholangitis were identified 
with the complications of gallstone disease. 

The incidence of pancreatic complications 
ran considerably ahead of the autopsy 
population at large. The more involved the 
complication of the gallstone, the higher the 
incidence of a pancreatic lesion; this in- 
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volvement of the pancreas is represented 
by a variety of pancreatic lesions. 

The incidence of gastrointestinal lesions, 
such as peptic ulcer, carcinoma of the 
gastrointestinal tract, and benign tumors of 
the gastrointestinal tract, appears to exceed 
the normal autopsy population incidence for 
these conditions. 

The cardiovascular complications which 
appear to coexist with gallstones in in- 
creased percentage include coronary heart 
disease, hypertensive heart disease, and 
valvular heart disease; this does not apply 
to peripheral vascular disease or to throm- 
bophlebitis. 

Further correlations were thought to exist 
between the incidence of gallstones and 
goiter, diabetes mellitus, thyroid adenomas, 
and certain infectious diseases. 


No significant correlations could be made 
between gallstone disease and pulmonary 
disease, cerebral vascular disease, or gen- 
itourinary diseases. 


Ample evidence would indicate that the 
gallbladder containing a stone can, without 
producing inflammation of the gallbladder 
wall itself, produce changes in the liver and 
the pancreas, and possibly in other distant 
organs which are remotely related. The 
concept of a “silent” gallstone can be given 
up as a ghost of the past. 


Cook County Hospital, 1825 W. Harrison St. 

(Dr. Meyer). 
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TRADE MARR 


(Heparin Sodium, Abbott) 


NOW IN A COMPLETE 


AND CONVENIENT LINE 
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ABBOTT HEPARIN 


SOLUTIONS 


ABBOTT 


PANHEPRIN is the new name for 
Abbott’s line of heparin sodium solu- 
tions. Its choice of concentrations is 
helpfully wide, and its array of con- 
tainers gives added versatility. 

Each year medical demand for 
heparin has increased. Physicians 
now are widely employing it for lipe- 
mic clearing, as well as for a variety 
of anti-coagulant uses. The new 
PANHEPRIN line is Abbott’s response 
to this demand. 

Below are described individual 
members of the PANHEPRIN family. 
Particularly worth notice is the new 
40,000 unit vial. Your Abbott man 
will be glad to supply you literature, 
including clinical data on experience 
with the new 40,000 unit vial. 


40,000 units/ml. New high concentration 
provides 40,000 USP units per ml., in 2 ml. 
vials—useful both in hyperlipemic and anti- 
coagulant therapies. Other PANHEPRIN vials 
and ampoules available with 20,000, 10,000, 
5000 and 1000 units per ml. 

Disposable syringe The ABBOJECT® Dis- 
posable Syringe is not only convenient for the 
medical staff, but also well suited to patient 
self-administration. It provides 20,000 units of 
PANHEPRIN, giving about 12 hours’ effect 
from intramuscular injection. 

Blood containers For isolated perfusion 
procedures, PANHEPRIN in Saline, 1500 or 
1800 units, is available in siliconed 500 ml. 
ABBO-VAC® bottles; and 2000 units, avail- 
able in your choice of ABBO-VAC or NON- 
VAC® bottles, or PLIAPAK® plastic bags. 
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an important problem 
in today’s living! 


The following articles from TODAY’S @EAI i are nt 
available in one pamphlet for 50 cent 


ALCOHOLICS ANONYMG Writ liom the standpoint Mf a member, the basic treat- 


ment procedures are deg@ribed and tne hdlogical problems@gpfronting the alcoholiclag 
discussed, 


ALCOHOL AND CIRRHO DF THE LIVER. Relationship si@fweensalechol, di t ad 
cirrhosis. Increasing stress on nu differences. by Russell S. Bova 


HOW TO HELP A PROBLEM DRINKER @pderstanding the alcoholic’s capabili 
necessity of help, causes of his condition. dwar A. Strecker and Francis T. Bar’ Jr. 


THE TREATME PRALCOHOLISMy Tracing the steps from convig the alcoholic 
that he is sick through treat ; Lewis Inman Sharp 


CONDITIONED REFREX TREATMENT OF CHRONIC ALCOHOLISM. place 
among methods of treatmé®t today, its development and correlation with personality factors 
by Walter L. Voegtlin 


INSTITUTIONAL FACIESRTIES FOR THE TREATMENT OF ALCOHOLISM. 
parative differences, in drinki ith the last century, new establishments and mettfOds of 
treatment, lack of trained pexeggifiel. by E. H. L. Corwin 


other pamphlets available 


ALCOHOLIS SEASE. A disoussion by the Chairman of thé/A.M.A.’s Ggipmittee 
on Alcoholism. by Marvin A. Block page ts 


1 AM THE WIDOW OF AN Thu articles combing by Virginia Conroy, 
16 pages, 20 cents 


HOW EXPERTS MEASURE*/DRUNKEN AgWartial transchipeser an actual court- 
room case. by H. A. Heise, 8 pages, 15 cents 


BARBITURATES, BOOZE AND OBITUARIES. A discussiomfof dangers of mixing 
alcohol and barbiturates. by Donald A. Dukelow, 4 pages, 10 


TWELVE STEPS FOR ALCOHOLICS, A frankg@iscy@#ion of the meaning of an alcoholic 
behavior. by Richard Lake, 6 pages, 10 cents 


address requests to... 
ORDER DEPARTMENT 


AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN STREET, CHICAGO 10, ILLINOIS 
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ATRALOC 


seamless needles 
less bending, } 
less breaking 


less tissue trauma 
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A. M. A. 
AMERICAN JOURNAL 
OF 
DISEASES OF 
CHILDREN 


antegrate your knowledge— 
subscribe to 


A. M. A. Archives of 
PATHOLOGY 


| 


A. M. A. Archives of 
INTERNAL MEDICINE 


A. M. A. Archives of 
OPHTHALMOLOGY 


A. M. A. Archives of 
OTOLARYNGOLOGY 


For a more complete reference shelf, we 
recommend these related journals. The 
variety of fields covered are especially ap- 
pealing to the general practitioner with 
special interests. Each issue is important 
to your practice. Begin your subscriptions 
TODAY. 


[ 


integrate 

your knowledge 
by reading these 
related specialty 
journals... 


Department (D. C.) 


AMERICAN MEDICAL ASSOCIATION 
535 N. Dearborn St. 
Chicago 10, 


Begin my subscription(s) NOW, for: 


iA 
PATHOLOGY 


A. M. A, 
Archives 
of 
INDUSTRIAL 
HEALTH 


A. M. A. 
Archives of 
INTERNAL 
MEDICINE 


A. M. A, 
Archives of 
DERMATOLOGY 


Designed to save 
you hours of reading 

time through visual pres- 

entations . . . to provide you 

with timely tips every month... 

to place useful information at your 
finger tips, leaving less information 
on your reference shelf. 


Write for subscriptions to: 
AMERICAN MEDICAL ASSOCIATION 
535 North Dearborn Street 
Chicago 10, Ill. 


Dept. (PATH.) 
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10 100 mg. injected at three 


Demerol 50 to 100mg. by 


‘ 
anesthetic agents required # if 


